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Sorghum g r a i n  was s u b j e c t e d  t o  pr imary p r o c e s s i n g ,  t h a t  
i s ,  d e h u l l i n g  by t r a d i t i o n a l  and mechanic  a 1  method. The 
common t r a d i t i o n a l  d e h u l l i n g  method p r a c t i s e d  i n  Andhra  Pradesh 
was f o l l o w e d .  The PRL m i n i  d e h u l l e r  was  used f o r  mechan ica l  
d e h u l l i n g .  
The d e h u l l e d  g r a i n s  were a n a l y z e d  f o r  p rox ima te  and 
amino a c i d  c o m p o s i t i o n ,  - i n  -- v i t r o  d i g e s t i b i l i t y ,  by enzymat i c  
a s s a y  and b i o a v a i l a b i l i t y  s t u d i e s  by r a t  f e e d i n g  t r i a l s .  
S t a t i s t i c a l  a n a l y s i s  was done t o  f i n d  t h e  l e a s t  s i g n i f i c a n t  
d i f f e r e n c e  a t  5$ l e v e l  and c o r r e l a t i o n  c o e f f i c i e n t s  of  v a r i o u s  
p a r a m e t e r s  were  d e t e r m i n e d .  
I t  was found t h a t  on d e h u l l i n g  t h e  p r o t e i n ,  f a t ,  a sh  
and f i b r e  l e v e l s  were r e d u c e d  s i g n i f i c a n t l y  and s t a r c h  l e v e l s  
were s i g n i f i c a n t l y  i n c r e a s e d .  Between t h e  d e h u l l i n g  methods 
i t  was obse rved  t h a t  when v a l u e s  were  e x p r e s s e d  on a  p e r c e n t  
b a s i s  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e s  i n  p r o t e i n ,  f i b r e  
and s t a r c h  v a l u e s ,  and a s h  and f a t  l e v e l s  i n  t r a d i t i o n a l l y  
d e h u l l e d  f l o u r ,  were  s i g n i f i c a n t l y  l o w e r .  
L y s i n e  was t h e  amino a c i d  most a f f e c t e d  on d e h u l l i n g .  
On t r a d i t i o n a l  d e h u l l i n g  t h e  l o s s  was 2 1 g  and a  16.5% l o s s  was 
o b s e r v e d  on m e c h a n i c a l  d e h u l l i n g .  The o t h e r  amino a c i d s  were  
n o t  a f f e c t e d  t o  any g r e a t  e x t e n t .  
I n  v i t r o  s t a r c h  d i g e s t i b i l i t y  showed a  s i g n i f i c a n t  
--- 
i n c r e a s e  on d e h u l l i n g  and m e c h a n i c a l  d e h u l l i n g  h a d  a  s l i g h t l y  
h i g h e r  s t a r c h  d i g e s t i b i l i t y  t h a n  t r a d i t i o n a l  d e h u l l i n g  though  
t h i s  i n c r e a s e  was n o t  s i g n i f i c a n t .  In  v i t r o  p r o k i n  d i g e s t i -  
b i l i t y  a l s o  showed a  s i g n i f i c a n t  i n c r e a s e  on  d e h u l l i n g .  The 
t r a d i t i o n a l l y  d e h u l l e d  f l o u r  h a d  a  h i g h e r  p r o t e i n  d i g e s t i b i l i t y  
v a l u e  t h a n  m e c h a n i c a l l y  d e h u l l e d  f l o u r  b u t  a g a i n  t h i s  i n c r e a s e  
was n o t  s i g n i f i c a n t .  
B i o a v a i l a b i l i t y  s t u d i e s  w i t h  whole  and d e h u l l e d  g r a i n  
i n d i c a t e d  t h a t ,  whole  g r a i n  d i e t  when f e d  t o  r a t s  r e s u l t e d  i n  
h i g h e r  NPU v a l u e s  and i n c r e a s e d  w e i g h t  g a i n ,  than d e h u l l e d  
g r a i n  d i e t s .  The t r u e  p r o t e i n  d i g e s t i b i l i t y ,  d i g e s t i b l e  energy 
and d r y  m a t t e r  d i g e s t i b i l i t y  v a l u e s ,  however  were h i g h e r  i n  
t h e  d e h u l l e d  g r a i n  d i e t s .  There  was n o  s i g n i f i c a n t  d i f f e r e n c e  
i n  NPU o r  d i g e s t i b i l i t y  v a l u e s  between t h e  t r a d i t i o n a l l y  and 
m e c h a n i c a l l y  d e h u l l e d  g r a i n  d i e t s .  
Based on t h e s e  f i n d i n g  f u r t h e r  s t u d y  was c a r r i e d  o u t  
w i t h  v a r i o u s  sorghum p r o d u c t s  l i k e  p a r c h e d ,  popped, m a l t e d ,  
g e r m i n a t e d ,  b o i l e d ,  baked and f e r m e n t e d .  Whole and mechani-  
c a l l y  d e h u l l e d  sorghum g r a i n  were  used  i n  t h e  p r e p a r a t i o n  of 
t h e  p r o d u c t s  a s  m e c h a n i c a l l y  and t r a d i t i o n a l l y  , d e h u l l e d  g r a i n  
d i d  n o t  d i s p l a y  any marked d i f f e r e n c e s  i n  i n  v i t r o  and  i n  v i v o  
a s s a y s  I 
A l l  t h e  p r o d u c t s  were  a g a i n  a n a l y z e d  as f o r  w h o l e  and 
d e h u l l e d  g r a i n  prcvious1.y ( p r o x i ~ i i ~ t e  ~ n ~ l y s i t ; ,  ~ ~ i i i n o  a c i d  
c o m p o s i t i o n ,  i n  v i t r o  a s s a y  a n d  b i o a v a i l a b i l i t y  s t u d i e s ) .  
D i f f e r e n c e s  w e r e  o b s e r v e d  i n  t h e  proxi i l la te  comqos i t ion  oS t h ?  
sorghum p r o d u c t s .  P r o t e i n ,  f a t  and f i b r e  c o n t s n t s  d e c r e a s e d  
i n  a  number of p r o d u c t s .  G e r m i n a t i o n  r e s c i l t e d  i n  a  s l i g h t  
i n c r e a s e  i n  p r o t e i n  c o n t e n t  b u t  i t  was n o t  s i g n i f i c a n t .  S t a r c h  
c o n t e n t  of t h e  p r o d u c t s  w e r e  low when compared  t o  u n t r e a t e d  
g r a i n ,  f e r m e n t e d  p r o d u c t s  h a d  t h e  l o w e s t  s t a r c h  c o n t e n t .  
S t a r c h  c o n t e n t s  o f  m o s t  d e h u l l e d  g r a i n  p r o d u c t s  w e r e  s i g n i f i -  
c a n t l y  h i g h e r  t h a n  w h o l e  g r a i n  p r o d u c t s .  
I n  t h e  s o r g h u m  p r o d u c t s ,  a g a i n ,  l y s i n e  was t h e  amino  
a c i d  m o s t  a f f e c t e d .  A 28% d e c r e a s e  was o b s e r v e d  on p o p p i n g  
a n d  39% i n  b a k i n g  ( b i s c u i t s ) .  I n  t h e  o t h e r  t r e a t m e n t s  t h e  l o s s  
r a n g e d  f r o m  4%-20b. M e t h i o n i n e  + c y s t i n e  v a l u e s  w e r e  a f f e c t e d  
i n  d o s a  w h e r e  a b o u t  11-20/: l o s s  was o b s c r v c d ,  and i n  b i s c u i t s  
t h e  l o s s  was 16%.  
H i g h e s t  IVSD was o b s e r v e d  f o r  f e r m e n t e d  p r o d u c t s .  
B o i l e d ,  m a l t e d  and g e r m i n a t e d  sorghum h a d  t h e  l o w e s t  IVSD. 
A l l  o t h e r  p r o d u c t s  h a d  d i g e s . L l b i l i t y  v a l u e s  between t h e s e  two 
e x t r e i n e s .  The IVPD d e c r e a s e d  s i g n i f i c a n t l y  i n  most s o r g h u m  
p r o d u c t s ,  e x c e p t  i n  f e r m e n t a t i o n  w h e r e  IVPD was s i m i l a r  t o  
u n t r e a t e d  g r a i n .  M a l t e d  a n d  g e r m i n a t e d  sorghum had IVPD 
s i g n i f i c a n t l y  h i g h e r  t h a n  a l l  t h e  o t h e r  p r o d u c t s  and u n p r o c e s s e d  
g r a i n .  IVPD a n d  TD was f o u n d  t o  h a v e  a  s i g n i f i c a n t  p o s i t i v ?  
c o r r e l a t i o n .  
I n  b i o a v a i l a b i l i t y  s t u d i e s  i t  w a s  n o t i c s d  t h a t  m o s t  
w h o l e  g r a i n  p r o d u c t s  g a v e  h i g h e r  NPU v a l u e s ,  b u t  d e h u l l e d  
p r o d u c t s  h a d  h i g h e r  d i g e s t i b i l i t y  v a l u e s .  C o r r s l a t i o n  c o e f i i -  
c i e n t s  i n d i c a t e d  t h a t  NPU a n d  TD d i d  n o t  h a v e  a2y s i g n i f i c a n i  
c o r r e l a t i o n .  NPU was p o s i t i v e l y  c o r r e l a t e d  w i t h  DE and 
DMD, Weigh t  g a i n  was a l s o  more i n  mos t  who le  g r a i n  p r o d u c t s  
e x c e p t  i n  popped and p a r c h e d  sorghum w h e r e  w e i g h t  g a i n  was 
l o w .  B i s c u i t s  and dosa p r e p a r e d  from d e h u l l e d  g r a i n  f a i l e d  
t o  m a i n t a i n  growth i n  r a t s .  A l l  d e h u l l e d  p r o d u c t s  had low 
NPU, though v a l u e s  were  n o t  s i g n i f i c a n t l y  l o w e r  than  t h e  
u n t r e a t e d  d e h u l l e d  g r a i n  e x c e p t  i n  c a s e  of and b i s c u i t  
p r e p a r e d  f rom d e h u l l e d  g r a i n  where  it was s i g n i f i c a n t l y  lower  
When t h e  sorghum p r o d u c t s  were  r a n k e d  and t h e  o v e r  
a l l  r a n k i n g  was considered, i t  was n o t i c e d  l h a t  -, p r e p a r e d  
f r o m  whole  and d e h u l l e d  g r a i n ,  m a l t e d  and g e r m i n a t e d  g r a i n ,  
and idli p r e p a r e d  f rom d e h u l l e d  g r a i n  a p p e a r e d  t o  have good 
p r o t e i n  and e n e r g y  availability. D e h u l l e d  b o i l e d  g r a i n  a l s o  
r a n k e d  good when a l l  t h e  b i o a v a i l a b i l i t y  p a r a m e t e r s  w e r e  
c o n s i d e r e d .  B i s c u i t ,  &b, popped ,  p a r b o i l e d  and p a r c h e d  
g r a i n  e i t h e r  showed f a i r  o r  p o o r  p r o t e i n  a n d  energy a v a i l a b i -  
l i t y .  
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CHAPTER I 
INTRODUCTION 
C e r e a l s  by and l a r g e  have been t h e  most i m p o r t a n t  
s t a p l e  food of t h e  wor ld .  C e r e a l  p r o d u c t i o n  i n  t h e  wor ld  
has  i n c r e a s e d  s t e a d i l y  d u r i n g  t h e  l a s t  two decades  and h a s  
more t h a n  k e p t  up w i t h  p o p u l a t i o n  growth.  B u t ,  t h e r e  e x i s t s  
c o n s i d e r a b l e  d i s t r i b u t i o n  problems which c o n s i s t e n t l y  i n c r e a s e  
t h e  gap between c o u n t r i e s  w i t h  s u r p l u s  and t h o s e  wi th  d e f i c i t .  
About one t h i r d  of t h e  t o t a l  i n c r e a s e  i n  p r o d u c t i o n  i s  due t o  
expanding a c r e a g e  a t  t h e  c o s t  of o t h e r  c r o p s  and two t h i r d s  
due t o  improved c u l t i v a r s  and management p r a c t i c e s  ( ~ e y  1981) .  
Sorghum b i c o l o r  ( L . )  Moench i s  an impor tan t  w o r l d  
c e r e a l  c r o p  u s u a l l y  r a n k i n g  f i f t h  l e a d i n g  world  c e r e a l  i n  
t e rms  of t o t a l  g r a i n  p r o d u c t i o n  (Rooney e t  a 1  1980, FA0 1982, 
FA0 1 9 8 4 ) .  Sorghum i s  one of  t h e  rnos t v e r s a t i 1 2  c r o p s  grown 
i n  t h e  wor ld .  The a b i l i t y  t o  w i t h s t a n d  b o t h  drought  and wet 
c o n d i t i o n s  p r o v i d e  i t  w i t h  un ique  a d a p t a b i l i t y  T O  c r o p p i n g  
systems under  e r r a t i c  r a i n f a l l  d i s t r i b u t i o n  and a d v e r s e  s o i l  
c o n d i t i o n s .  I t s  a b i l i t y  t o  w i t h s t a n d  d r o u g h t  1 s  due t o  i t s  
c a p a c i t y  t o  make use  of a v a i l a b l e  w a t e r  more economica l ly .  
The e x t e n s i v e  r o o t  sys tem combined w i t h  t h e  p h y s i o l o g i c a l  
c h a r a c t e r i s t i c  e n a b l e  i t  t o  u t i l i z e  l a r g e  ppvtion of s o i l  
m o i s t u r e  t h a n  most  c r o p s .  I t  is  c u l t i v a t e d  l a r g e l y  i n  t h e  
semi a r i d  t r o p i c s  (SAT) where  the  c l i m a t e  i s  c h s r a c t e r i s e d  
by high  i n c i d e n c e ,  of s o l a r  r a d i a t i o n ,  h i g h  t e m p s r a t u r e  and 
v e r y  v a r i a b l e  r a i n f a l l .  The s e m i  a r i d  r e g i o n s  c o v e r  much of  
t h e  A f r i c a n  c o n t i n e n t ,  i n  A s i a  i t  i n c l u d e s  m o s t  of I n d i a ,  
e a s t e r n  J a v a ,  n o r t h  e a s t e r n  Burma and  T h a i l a n d .  I t  i n c l u d e s  
m o s t  o f  t h e  n o r t h e r n  q u a r t e r s  of A u s t r a l i a ,  n e z ~ l y  a l l  o f  
C e n t r a l  A m e r i c a ,  p o r t i o n s  o f  n o r t h  e a s t e r n  B r a z i l ,  P a r a g u a y  
a n d  B o l i v i a .  More t h a n  600 m i l l i o n  p e o p l e  a r e  e s t i m a t e d  t o  
l i v e  i n  t h e  SAT r e g i o n  w i t h  56% o f  them i n  I n d i a  ( S w i n d a l e  e t  a 1  
-- 
1 9 8 1 ) .  
I n  t h e  W e s t e r n  h e m i s p h e r e ,  s o r g h u m  h a s  t r a d i t i o n a l l y  
b e e n  u s e d  a s  l i v e s t o c k  f e e d  w i t h  1-2% of  t o t a l  p r o d u c t i o n  
b e i n g  u s e d  f o r  f o o d  a n a  i n d u s t r i a l  p r o d u c t s .  In A f r i c a  a n d  
I n d i a  n e a r l y  a l l  so rghum g r a i n  i s  u t i l i z e d  d i r e c t l y  a s  human 
f o o d  (Rooney  e t  a 1  1 9 8 0 ) ,  a n a  may p r o v i d e  u p  t o  50% o f  t h e  
d i e t a r y  p r o t e i n  ( C l u s k e y  t a 1  1 9 7 9 ) .  Sorghum i s  a l s o  grown 
f o r  v a r i o u s  f o o d  and  f e e d  p u r p o s e s  and l i k e  s u g a r c a n e  a n d  m a i z e ,  
h a s  p o t e n t i a l  a s  a  raw m a t e r i a l  f o r  e n e r g y  p r o d u c t i o n  a n d  
c h e m i c a l / i n d u s t r i a l  p r o d u c t s  m a n u f a c t u r e  ( c a r e e l m a n  e t  a 1  1 9 8 1 ) .  
I n  A s i a  s o r g h u m  g r a i n  r a n k s  t h i r d  a f t e r  r i c e  and whea t  a s  a  
c e r e a l  f o r  human c o n s u l n p t i o n  a n d  i s  s e c o n d  o n l y  t o  m a i z e  i n  
A f r i c a  ( R a c h i e  1 9 6 9 ) .  
Sorghurn i s  tho m a j o r  s t ;~ i ? l e  o f  a l a r c j c  sqn ien t  of tlw 
p o p u l a c e  l i v i n g  i n  t h e  SATs. I n  I n d i a  i t  i s  a  p s ? u l a r  s t a p l e  
f o o d  i n  Andhra  P r a d e s h ,  M a h a r a s h t r a ,  K a r n a t a k a  and o t h e r  p a r t s  
of  t h e  c o u n t r y  ( ~ e l a v a d y  1977).  Though t h e  g r a i n  s o r g h u m  
p r o v i d e s  a n  i m p o r t a n t  s o u r c e  of c a r b o h y d r a t e  and i s  s imi la r  
t o  o t h e r  ma jo r  c e r e a l s  a s  a  s o u r c e  of t o t a l  p r o t e i n ,  t h e  
p r o t e i n  q u a l i t y  i s  r e l a t i v e l y  poor  i n  compar ison w i t h  t h a t  
from o t h e r  major  c e r e a l  g r a i n s  ( ~ x t e l l  e t  a 1  1 9 7 9 ) .  Over t h e  
-- 
y e a r s  much work has  been done by b r e e d e r s ,  a g r o n o m i s t s ,  e n t a -  
m o l o g i s t s  and p a t h o l o g i s t s  on t h e  p r o d u c t i o n  of improved 
v a r i e t i e s  and h y b r i d s  o f  sorghum. Most of t h i s  work h a s  been 
s u c c e s s f u l l y  d i r e c t e d  a t  maximizing and s t a b i l i s i n g  g r a i n  
y i e l d s ,  While i t  may s u f f i c e  t o  c o n c e n t r a t e  on q u a n t i t a t i v e  
a s p e c t s  of sorghum p r o d u c t i o n  f o r  a n i m a l  f e e d s ,  q u a l i t y  a s p e c t s  
must  be t a k e n  i n t o  c o n s i d e r a t i o n  when t h e  end p roduc t  i s  t o  
b e  used f o r  human consumpt ion (Kapasi-Kakama, 1 9 7 7 ) .  
B a s i c a l l y  sorghum c o n t a i n s  j u s t  a s  h i g h  l e v e l s  o f  t h e  
m a j o r  n u t r i e n t s - s t a r c h  and  p r o t e i n ,  a s  t h e  o t h e r  c e r e a l s  which 
a r e  c o n s i d e r e d  t o  be a d e q u a t e  f o r  growth a n d  maintenance  when 
consumed i n  r e q u i r e d  q u a n t i t i e s .  However, i n  t h e  c a s e  o f  
sorghum t h r e e  ma jo r  f a c t o r s  c o m p l i c a t e  t h e  f u l l  u t i l i z a t i o n  
of  t h e  s t a r c h  and p r o t e i n .  F i r s t ,  p r o t e i n  and 2nergy a v a i l -  
a b i l i t y  i s  l i m i t e d  i n  some sorghum g e n o t y p e s  by t h e  p r e s e n c e  
of  p o l y p h e n o l i c  compounds ( t a n n i n s )  l o c a t e d  p r i m a r i l y  i n  t h e  
t e s t a  l a y e r  of t h e  g r a i n .  S e c o n d ,  t h e  p r o t e i n  q u a l i t y  of an 
a l l - so rghum d i e t  i s  l i m i t e d  by t h e  low l y s i n e  c o n t s n t  o f  t h e  
g r a i n .  T h i r d ,  t h e r e  a r e  s p e c i f i c  d i e t a r y  l i m i t a t i o n s  i n  t h e  
u t i l i z a t i o n  o f  cooked and baked  sorghum p r o d u c t s  f o r  humans 
d u e  t o  f a c t o r s  s u c h  as  h i g h  g e l a t i n i z a t i o n  t empera tu re  of 
s t a r c h  and t h e  h i g h  v i s c o s i t y  of t h e  cooked p roduc t s  l e a d i n g  
t o  problems w i t h  r e g a r d  t o  a c c e p t a b i l i t y  and d i g e s t i o n  
( A x t e l l  e t  a 1  1 9 8 2 ) .  
Thus ,  many r e s e a r c h e r s  a l l  o v e r  t h e  wor ld  who a r e  
conce rned  a b o u t  t h e  i n c r e a s e d  food u s e s  of sorghum a r e  engaged 
i n  t h e  improvement of t h i s  c e r e a l  t h r o u g h  b r e e d i n g  ana p r o c e s s -  
i n g  programmes. Recen t  d i ~ c o v e r i e s  o f  h i g h  l y s i n e  sorghum 
l i n e s  (S inyh  and A x t e l l ,  1 9 7 3 )  hsve  a l s o  encouraged  b r e e d i n g  
of  a  g r a i n  t h a t  can make a  b e t t e r  c c n t r i b u t i o n  t o  p r o t e i n  
q u a l i t y  r e q u i r e m e n t s  ( C l u s k e y  e t  a 1  1 9 7 9 ) .  Breeding i s  a  long  
t e r m  approach ,  whereas  improved p r o c e s s i n g  t e c h n i q u e s  and  
b e t t e r  u t i l i z a t i o n  of e x i s t i n g  v a r i e t i e s  w i l l  be s i g n i f i c a n t  
i n  t h e  l o n g  and s h o r t  t e r m .  The most e f f i c i e n t  way of improv- 
i n g  sorghum g r a i n  u t i l i z a t i o n  w i l l  b e ,  a  combina t ion  o f  b e t t e r  
p r o c e s s i n g  t e c h n i q u e s  w i t h  b e t t e r  v a r i e t i e s  of sorghum ( ~ a p b s b -  
Kakama 1977 and Rooney & 1 9 7 2 ) .  
The improveinent of' t h e  g r a i n  q u a l i t y  of sorghum needs  
s p e c i i l  a t t e n t i o n  because  t h e  peop le  consuming sorghum a r e  
most  o f t e n  of  t h e  low soc io -economic  s t r a t a  anc  l i v e  i n  d r y  
l a n d  a r e a s  where  t h e  c h o i c e  and chance  o f  improving t h e i r  d i e t  
w i t h  components o t h e r  t h a n  t h e  s t a p l e  i s  e x t r e m e l y  l i m i t e d .  
Moreover ,  any significant e f f o r t  t o  improve t h e  c t i l i z a t i o n  
of sorghum which i n v o l v e s  a  r a d i c a l  a l t e r a t i o n  i n  t h e  d i e t a r ) ?  
h a b i t s  o f  t h e  p o p u l a t i o n  o r  t h e  a g r i c u l t u r a l  p r a c t i c e s  of ths 
r e g i o n  would n o t  be  e a s i l y  a c c e p t e d .  
It is  c u s t o m a r y  t o  p r o c e s s  a n y  c e r e a l  g r a i n  b e f o r e  
c o n s u m p t i o n e  P r o c e s s i n g  may b e  j u s t  d e h u l l i n g  t o  r e m o v e  t h e  
b r a n  a n d / o r  r e d u c i n g  t h e  g r a i n  t o  a  f l o u r  ( p r i m a r y  p r o c e s s i n g )  
o r  v a r i o u s  o t h e r  t r e a t m e n t s  l i k e  p o p p i n g ,  p a r c h i n g ,  m a l t l n g ,  
f e r m e n t i n g ,  e t c .  ( s e c o n d a r y  p r o c e s s i n g )  w h i c h  w i l l  h e l p  t o  
r e m o v e  t h e  r a w  f l a v o u r  o f  t h e  g r a i n  a n d  p r o d u c e  t h e  d e s i r e d  
a roma o r  t a s t e  i n  a d d i t i o n  t o  the  a l t e r i n g  o f  t h e  t e x t u r e  o f  
t h e  p r o d u c t .  P r o c e s s i n g  e i t h e r  p r i m a r y  o r  s e c o n d a r y  may h a v e  
some e f f e c t  on  t h e  c ~ m p o s i t i o n  a n d  n u t r i t i o n a l  q u a l l t y  o f  t h e  
g r a i n  d u e  t o  l o s s  o r  c h a n g e s  i n  t h e  b i o a v a i l ~ b i l i t y  o f  t h e  
n u t r i e n t s .  
The t r a d i t i o n a l  p r o c e s s i n g  m e t h o d s  f o ~  sorghum i n  a l l  
t h e  c o u n t r i e s  i n v o l v e  t i m e  c o n s u m i n g  h a r d w o r k  ( ~ o g e l  a n d  
Graham 1 9 7 8 ) .  Sorghum i s  p r o c e s s e d  f o r  f o o d  t r a d i t i o n a l l y ,  
i n  s e v e r a l  w a y s  d e p e n d i n g  u p o n  t h e  n e e d  a n d  l o c a l  h a b i t .  Dry 
m i l l i n g  i n t o  f l o u r  o r  g r i t s  i s  common, a n d  i n  some c a s e s  w h o l s  
g r a i n  i s  s o a k e d  a n d  w e t  m i l l e d  ( S u b r a m a n i a n  and  J a m b u n a t h a n  
1 9 8 0 ) .  The g r a i n  may a l s o  b e  d e h u l l e d  d e p e n d i n g  upon t h e  
r e q u i r e m e n t .  D e h u l l i n g  i n  t h e  t r a d i t i o n a l  w e t  msthod may 
r e s u l t  i n  t h e  l o s s  o f  v a l u a b l e  n u t r i e n t s  a n d  a l s o  i n c r e a s e  
t h e  m o i s t u r e  c o n t e n t  o f  t h e  f l o u r  t h u s  m a k i n g  i t  more p r o n e  
t o  s p o i l a g e .  M e c h a n i c a l  p r o c e s s i n g  o f  s o r g h u m  w i l l  d e c r e a s e  
t h e  t e d i o u s  h a n d  P I - o c e s s i n g  t i m e ,  m o i s t u r e  c o n t e n t  and  t h e  
a m o u n t  o f  h u l l  p r e s e n t  i n  t h e  r e s u l t a n t  f l o u r ,  No c h e a p  a n d  
e f f i c i e n t  t e c h n o l o g y  i s  y e t  a v a i l a b l e  f o r  m e c h a n i c a l  d e h u l l i n y  
o f  s o r g h u m  g r a i n  b u t  c u r r e n t l y  s t u d i e s  a r e  b e i n g  c a r r i e d  out 
i n  a number  o f  r e s e a r c h  c e n t r e s  on m e c h a n i c a l  d e h u l l i n y  of  
s o r g h u m ,  A few d e h u l l e r s  h a v e  been  d e s i g n e d  a n d  a r e  b e i n g  
t r i e d  o u t  o n  e x p e r i m e n t a l  b a s i s ,  r i c e  m i l l i n g  e q u i p m e n t s  a n d  
b a r l e y  p e a r l e r s  a r e  a l s o  b e i n g  a d o p t e d  f o r  p e a r  l i n g  sorghum 
g r a i n s .  A PRL d e h u l l e r  d e v e l o p e d  b y  t h e  P r a i r i e  R e g i o n a l  
L a b o r a t o r y  a p p e a r s  t o  b e  LI p r o m i s i n g  d c h u l l i n g  d e v i c e .  I t  i s  
a n  e x t e n s i v e l y  m o d i f i e d  f o r m  o f  G e o r g e  H i l l  g r a i n  t h r a s h e r  
( ~ r i c h e r t  1 9 8 2 ) .  
The I n t e r n a t i o n a l  Symposium on S o r g h u m  G r a i n  Q u a l i t y  
( 1 9 8 1 )  h e l d  a t  t h e  I n t e r n a t i o n a l  C r o p s  R e s e a r c h  I n s t i t u t e  f o r  
t h e  S e m i  A r i d  T r o p i c s  ( ICRISAT)  d i s c u s s e d  t h e  v a r i o u s  a s p e c t s  
of g r a i n  q u a l i t y .  G r a i n  q u a l i t y  c a n  p r o b a b l y  b e  c o n s i d e r e d  
t o  b e  made o f  t w o  main  p a r t s  ( i )  e v i d e n t  q u a l i t y  which  i s  b a s e d  
on a p p e a r a n c e ,  f l a v o u r  a n d  c o o k i n g  q u a l i t y  c h a r a c t e r i s t i c s  a n c  
( i i )  c r y p t i c  q u a l i t y  b a s e d  o n  n u t r i t i o n a l  v a l u e  ( J a m b u n a t h a n  
1 9 8 0 ) . .  The f i r s t  p a r t ,  t h a t  i s ,  t h e  e v i d e n t  q u a l i t y  b a s e d  on 
a p p e a r a n c e ,  f l a v o u r  and c o o k i n g  q u a l i t y  c h a r a c t e r i s t i c s  o f  
s o r g h u m  h a v e  b e e n  l o o k e d  i n t o  i n  t h e  p a s t  d e c a d e  and i n  t h e  
Symposium on  Sorghum G r a i n  Q u a l i t y  h e l d  a t  1CRIS.AT ( 1 9 8 1 ) ,  a  
number  o f  s u c h  s t u d i e s  h a v e  b e e n  d i s c u s s e d  a n d  r ~ v i e w e d .  The 
s e c o n d  p a r t  of t h e  g r a i n  q u a l i t y ,  t h e  n u t r i t i o n a l  q u a l i t y  
e s p e c i a l l y  o f  p r o c e s s e d  g r a i n  h a s  n o t  r e c e i v e d  s u f f i c i e n t  
a t t e n t i o n .  
T h e r e  i s  v e r y  s c a n t y  i n f o r m a t i o n  o n  how p r o c e s s i n g  
m e t h o d s  i n f l u e n c e  t h e  n u t r i t i o n a l  q u a l i t y  o f  sorshum d i e t 8  
s t u d y i n g  t h e  e f f e c t  of p r o c e s s i n g  on t h e  n u t r i t i o n a l  q u a l i t y  
of s o r g h u m  c o u l d  r e s u l t  i n  t h e  i d e n t i f i c a t i o n  o f  t h e  b e t t e r  
p r o c e s s i n g  m e t h o d s .  I d e n t i f i c a t i o n  o f  b e t t e r  method o f  p r o c e s s -  
i n g  w i l l  n o t  o n l y  i m p r o v e  n u t r i t i o n a l  q u a l i t y  of  t h e  d i e t ,  b u t  
a l s o  h e l p  t h e  women t o  s a v e  on t h e i r  t i m e  and  e n e r g y  a s  a  
l a r g e  number o f  h o u s e w i v e s  l i v i n g  i n  d r y  l a n d  a r e a s  h a v e  t o  
s p e n d  h a l f  a n  h o u r  t o  o n e  h o u r  d a i l y  f o r  d e h u l l i n g  ( p u s h p a m a  
a n d  ChitterairiaRao 1 9 8 1 ) .  Even  a m a r g i n a l  i m p r o v e m e ~ l t  i n  t h e  
n u t r i t i o n a l  q u a l i t y  o f  t h e  sorghum b a s e d  d i e t  w i l l  g o  a  l o n g  
way t o  h e l p  i n  i m p r o v i n g  t h e  o v e r a l l  n u t r i t i o n a l  s t a t u s  of  
p e o p l e  of t h e  SATs. 
The p r e s e n t  s t u d y  w a s  t h e r e f o r e  t a k e n  up w i t h  t h e  
o b j e c t i v e  o f  s t u d y i n g  t h e  c o m p o s i t . i o n  a n d  a v a i l a b i l i t y  o f  t h e  
n u t r i e n t s  f r o m  whole  and  d e h u l l e d  s o r g h u m  by t r a d i t i o n a l  a n a  
m e c h a n i c a l  d e h u l l i n g .  Sorghum g r a i n  p r o d u c t s  w l ~ i c h  a r e  r e g u -  
l a r l y  consumed and a l s o  t h e  p r o d u c t s  s t a n d a r d i s e d  i n  t h e  f o o d  
a n d  n u t r i t i o n  l a b o r a t o r y  o f  t h e  C o l l e g e  o f  Home S c i e n c e ,  A.P. 
A g r i c u l t u r a l  U n i v e r s i t y ,  H y d e r a b a d ,  u s i n g  d i f f e r e n t  p r i m a r y  
a n d  s e c o n d a r y  p r o c e s s i n g  t e c h n i q u e s  w e r e  a l s o  a s s a y e d  f o r  t h ?  
a v a i l a b i l i t y  o f  n u t r i e n t s  u s i n g  b o t h  i n  v i t r o  ana b i o a s s a y  
m e t h o d s .  
CHAPTER I1 
REVIEW OF LITERATURE 
Sorghum k e r n e l s  a r e  g e n e r a l l y  s p h e r i c a l  and have a 
t housand  k e r n e l  w e i g h t  r a n g i n g  f rom 20-30 g .  Kerne l  c o l o u r  
may be w h i t e ,  r e d ,  y e l l o w ,  o r  brown (Hoseney e t  a 1  1 9 8 0 ) .  The 
--
s t r u c t u r e  of t h e  sorghum k e r n e l  p l a y s  a ma jo r  r o l e  i n  d e t e r -  
mining t h e  p r o c e s s i n g  p r o p e r t i e s  o f  t h e  g r a i n ,  and i s  a f f e c t e d  
by t h e  geno type  and e n v i r o n m e n t a l  c o n d i t i o n s  (Rooney and 
M i l l e r  1 9 8 1 ) .  
MORPHOLOGY OF SORGHUM G R A I N  
The s t r u c t u r e  of sorghum has  been r e p o r t e d  i n  d e t a i l  
by s e v e r a l  worke r s  ( s a n d e r s  1955 ,  Rooney and Clark  1968,  Roon2y 
1973 ,  Hoseney 2 1974,  Rooney and S u l l i n s ,  1977, Rooney and g 
M i l l e r  1981  and Ze leznak  and V a r r i a n i - M a r s t o n ,  19Y2), and  i s  
b r i e f l y  s t a t e d  i n  t h e  f o l l o w i n g  pages .  
The sorghum c a r y o p s i s  i s  composed o f  t h r s ?  main compo- 
n e n t s ,  ( 1 )  The s e e d  c o a t  c o r ~ s l s t i n g  of  p e r i c a r p  snd t e s t a  
t o g e t h e r  fo rming  t h e  o u t a r  c o v c r l n g  ( 2 )  the cmbryo o r  germ a n d  
( 3 )  t h e  endosperm-s torage  t i s s u e  ( ~ u l s e  e t  a 1  1 9 ~ 0 ) .  
211.1 The Seed Coa t  
Seed c o a t  c o n s i s t s  o f  f u s e d  ( a )  p e r i c a r p  and ( b )  t e s t a .  ' '  
, l . l , l  P e r i c a r p .  The e x t r e m e  o u t e r  l a y e r  i s  t h e  p e r i c a r p  and 
i s  composed of t h r e e  o r  f o u r  d i f f e r e n t  l a y e r s  ( i )  t h e  o u t e r  
most  i s  t h e  e p i c a r p  ( i i )  t h e  hypoderm which  may o r  may n o t  
a lways  b e  d i f f e r e n t i a t e d  f r o m  t h e  e p i c a r p  ( i i i )  t h e  mesoca rp  - 
t h e  m i d d l e  l a y e r  and ( i v )  .the er ldocarp  ( ~ o s e n c y  c t  a 1  1 9 8 0  2nd 
Hu l se  -- e t  a 1  1 9 8 0 ) ,  
The e p i c a r p  may o r  may n o t  be  p igmen ted  and t h i s  f e a t u r e  
i s  g e n e t i c a l l y  c o n t r o l l e d  ( H u l s e  -- e t  a 1  1 9 8 0 ) .  The mesocarp  
i s  g e n e r a l l y  t h e  t h i c k e s t  l a y e r  o f  t h e  p e r i c a r p  b u t  can  v a r y  
s i g n i f i c a n t l y  among g e n o t y p e s .  Mesocarp  c e l l s  c o n t a i n  po lygo-  
n a l  s t a r c h  c e l l s .  The e n d o c a r p  c o n s i s t s  o f  c r o s s  and t u b e  c e l l s .  
, 1 , 1 , 2  T e s t a ,  The l a y e r  i m m e d i a t e l y  b e l o w  endoca rp  and su r round-  
-- 
i n g  t h e  endosperm i s  t h e  t e s t a  and t h i s  p a r t  o f  t h e  s eed  i s  
s u b j e c t  t o  t h e  g r e a t e s t  c o n t r o v e r s y .  The p r e s e n t ?  or a b s e n c e  
o f  t e s t a  a p p e a r s  t o  be g e n e t i c a l l y  c o n t r o l l e d  (Hulse e t  a 1  1 9 8 0 ) #  
The t e s t a  mdy o r  may n o t  b e  piyrrientcd and t h i s  f ~ a t u r e  a l s o  
a p p e a r s  t o  be  g e n e t i c a l l y  c o n t r o l l e d .  The p i g m e n t a t i o n  o f  
b o t h  p e r i c a r p  a n d  t e s t a  i s  g e n e r a l l y  a t t r i b u t e d  t o  t h e  p r e s e n c e  
o f  p o l y p h e n o l s  ( t a n n i n s )  ( H u l s e  1 9 8 0 ) .  
2.1.2 Embryo 
-
The embryo  c o n s i s t s  o f  a  l x g e  s c u t e l l u m ,  an embryon ic  
a x i s ,  a  p lumul f  and a  p r i m a r y  r o o t .  The s c u t e l l u n  i s  t h e  
f l a t t e n e d  p o r t i o n  t h a t  s e r v e s  a s  an a b s o r p t i v e  o r g a n ,  T h e r e  
i s  a  c e m e n t i n g  l a y e r  be tween  t h e  s c u t e l l u m  i n t o  t h e  endosperm.  
The embryo i s  r e l a t i v e l y  f i r m l y  embedded and i s  d i f f i c u l t  t o  
rernove by d r y  m i l l i n g  (Rooney 1 9 7 3 ) .  
2 . 1 , 3  Endosperm 
The e n d o s p e r n ~  r e p r e s e n t s  t h e  l a r g e s t  p r o p o ~ t i o n  o f  t h e  
k e r n e l  and c c n s i s t s  o i  a n  a l c u r o n c  l a y e r  whlcil  i s  s s i n g l e  
c o n t i n u o u s  1 ;yer  o f  c e l l s  a r o u n d  t h e  e x t r e m e  edge o f  t h e  endospe rn  
p e r i p h e r a l ,  c o r n e o u s  and f l o u r y  z o n e s .  
The p e r i p h e r a l  l a y e r  i s  made up o f  c e l l s  c c n t a i n i n q  a  
h i g h  p r o p o r t i o n  of p r o t e i n .  The c o r n e o u s  l a y e r ,  b e n e a t h  t h e  
p e r i p h e r a l  l a y e r ,  c o n t a i n s  l e s s  p r o t e i n  a n d  a  h i g h e r  p r o p o r -  
t i o n  of s t a r c h  t h a n  t h e  p e r i p h c r a l .  The c o r n e o u s  e n d o s p e r n ~  i s  
a l s o  termed a s  t h e  f l i n t y ,  h a r d ,  o r  h o r n y  endosperm,  an6  i s  
t r a n s l u c e n t  i n  a p p e a r a n c e .  I n s i d e  t h e  c o r n e t o u s  l a y e r  i s  found 
t h e  f l o u r y  o r  s o f t  endosperm l a y e r ,  wh ich  i s  l o w s s t  i n  p r o t e i n  
( ~ o s e n e y  al- 1980 and H u l s e  1 9 8 0 ) -  
2.2  STRUCTUHAL COMPCE 1 T I  ON 
Hubbard & & (1950) d e s c r i b e d  the compos i t i on  o; t i l e  
component$ p a r t s  of t h e  h a n d  d i s s e c t e d  so rghum k e r n e l .  The 
w h o l e  g r a i n  was  s e p b r a t e d  i n t o  b r a n ,  germ and  encosperrn.  The 
p r o p o r t i o n  of endosperm r a n g e d  from 8 1 . 1  t o  84.6$, t h e  germ 
from 7 . 8  t o  12.1% and b r a n  f r o r n , 7 . 3  t o  9.3b. They have  a l s o  
' r e p o r t e d  t h e  c o m p o s i t i o n  o f  t h e  component p a r t s  of t h e  sorghum. 
H a i k e r w a l  and M a t h i e s o n  (1971)  have  a l s o  r e p o r t e d  t h e  
components  of  sorghum g r a i n  a f t e r  hand d i s s e c t i o n .  The p e r i -  
c a r p  was 5.4%, germ, 8% and endosperm 86.5% o f  t h e  e n t i r e  k e r n e l  
Rooney e t  a 1  ( 1 9 8 0 )  have r e p o r t e d  t h a t  sorghum k e r n e l  
i 
i s  composed of  80432% s t a r c h y  endocperni ,  6-87! b ran  ( p e r i c a r p  
and a s s o c i a t e d  l a y e r s )  and 10-12s germ. Sorghums wi th  a  t h i n  
p e r i c a r p  w i t h o u t  a  t e s t a  and w i t h  a  s m a l l  germ can c o n t a i n  a s  
h i g h  a s  86% or more of  endosperm.  
PROXIMATE COMPOSITION 
The p r o x i m a t e  c o m p o s i t i o n  o f  sorghum a s  r e p o r t e d  by  
s e v e r a l  workers  i s  l i s t e d  i n  T a b l e  1. 
T a b l e  1: Prox ima te  compos i t ion  o f  sorghum g r a i n  
- - R e f e r e n c e s  
B r e s s a n i  Bredon Aucamp L a m a r e t d *  
and  ( 1 9 6 1 ) ~  (1962)  (1961)  (197n 
Number o f  
samples  
P r o t e i n  ;.! 
Mean 
Range 
E t h e r  E x t r a c t  $ 
Mean 
Range 
Crude F i b r e  $ 
Mean 
Range 
Ash f l  
Mean 
Range 





* c i t e d  i n  Rooney ci; & ( 1 9 8 0 )  
c o n t t .  






P r o t e i n  ;/: 
Mean 1 1 , O  
Range 
E t h e r  E x t r a c t  $ 
Mean 3 , 4 
Range 2.0-5.3 






Carbohydrate  $ 
Moan 8 1 . 0  
Range 
Mal i  and 
Gupta (1974)  





Sumrel l  
(1980)  
69.9 58.0  69.1  
( s o l u b l e  ( S t a r c h )  ( S t a r c h )  
c a r b o h y d r a t e )  
Table  1, con td .  
Refe rences  
Thakre (1981)  Jambunathan 
e t  a 1  (1984)  
--
Number o f  
samples 
P r o t e i n  ;/I 
Mean 
Range 
E t h e r  E x t r a c t  $ 
Range 






Carbohydrate  $ 
Mean 66.8 70.8 ( S t a r c h )  ( ~ t 3 r c h )  
Range 64.4-72 1 55.6-75.2 
**mean a t  34,389 samples 
Sorghum c o m p o s i t i o n  v a r i e s  s i g n i f i c a n t l y  due t o  geno- 
t y p e  and envi ronment .  The v a r i a b i l i t y  i s  probably  due t o  t h e  
f a c t  t h a t  sorghurn i s  produced under  more v a r i a b l a  c o n d i t i o n s  
t h a n  most o t h e r  c e r e a l s .  G e n e r a l l y ,  g r a i n  y i e l d  i s  i n v e r s e l y  
r e l a t e d  t o  p r o t e i n  c o n t e n t  of sorghum. F i b r e  and ash  composi- 
t i o n  a r e  s i m i l a r  t o  o t h e r  c e r e a l s  w i t h  a  marked c a r y o p s i s  
( ~ o o n e y  e t  a 1  1 9 8 0 ) .  
2.3.1 C a r b o h y d r a t e s  
S t a r c h ,  c e l l u l o s e ,  s in lp le  s u g ~ l r s  and pentosans compr i ss  
a p p r o x i m a t e l y  80/! of t h e  d r y  w e i g h t  of t h e  k e r n e l  w i t h  s t a r c h  
u s u a l l y  70-75%, Sorghum s t a r c h  c o n t a i n s  20-30/! amylose and 
70-8QL amy l o p e c t i n .  The g e l a t i n i s a t i o n  t e m p e r a t u r e  r a n g e  of 
sorghum s t a r c h  i s  6 7 - 7 7 ' ~  ( ~ o o n e y  g & 1 9 8 0 ) .  Glucose ,  
f r u c t o s e ,  s u c r o s e ,  and t r a c e s  of  r a f f i n o s e  and s t a c h y o s e  a r e  
found i n  sorghum. T o t a l  s o l u b l e  s u g a r s  r a n g e  from 1 ,30-5 ,19% 
(Subramanian e t  a 1  1980), though  h i g h e r  v a l u e  f o r  s u g a r y  
v a r i e t i e s  have been r e p o r t e d  (Karoer  and Quinby 1363).  The 
pen tosan  c o n t e n t  of  sorghurn r a n g e s  from 2.6-5.2;! of  t h e  d r y  
g r a i n  and i s  l o c a t e d  niainly i n  t h e  p e r i c a r p  and germ ( ~ a r i n l  and 
Rooney 1972a ,  1972b,  and Rooney e t  a1 1 9 8 0 ) .  
2 . 3 , 2  L i p i d s  
Sorghum o i l  i s  c o n c e n t r a t e d  i n  t h e  germ, p e r i c a r p  and 
a l e u r o n e  l a y e r  a t  a  l e v e l  of  3.5%. The germ c o n t a i n s  more 
t h a n  79A of t h e  t o t a l  o i l .  The f a t t y  a c i d  compos i t ion  con- 
s i s t s  p r i m a r i l y  of l i n o l e i c ,  o l e i c ,  p a l m i t i c ,  s t e a r i c ,  and 
l i n o l e n i c  a c i d s .  The f r e e  l i p i d  f r a c t i o n  e x t r a c t e d  w i t h  
p e t r o l e u m  e t h e r  c o n s i s t s  of  hydrocarbons  tri-,  d i -  and mono- 
g l y c e r i d e s ,  f r e e  f a t t y  a c i d s  an? some p o l a r  l i p i d s .  (Rooney 
e t  &. 1 9 8 0 ) .  
-
2.3.3 Amino Acid Composi t ion and P r o t e i n  F r a c t i o n s  
------ 
L y s i n e  i s  t h e  f i r s t  l i m i t i n g  amino a c i d ,  f o l l o w e d  by 
meth ion ine  and c y s t i n e  and t h r e o n i n e .  (Virupaksha and S a s t r y  
1968, Skoch e t  a 1  1970,  A u s t i n  e t  a 1  1972, Mali and Gupta 
1 9 7 4 ,  Salunl the e t  a 1  1977 ,  Rooney e t  a 1  1 9 8 0 ) .  The amino a c i d  
compos i t ion  a s  r e p o r t e d  by s e v e r a l  a u t h o r s  i s  given i n  Table  2. 
Table 2: E s s e n t i a l  amino acid con~positiori of soryhurn 
gra in  (g/100 g  Pro te in )  
-- - 
References 
Bressani Deyoe and Virupaksha S h o u p  a l  
and Rios Shellenberger and Sas t ry  




P ro te in  $ - 10.4 14.5 10.3 
Lysine 2.9 2 .0  2 .1  2 .3  
Leucine 1 4 , 3  13.1 16.5 13.8 
Phenylalanine 4.3 4.0 5.4 5.3 
Valine 6.0 4.9 5 .4  5 .0  
Tryptophan 0.7 - - - 
Methionine 1 . 6  2 .3  2 .3  3.8 
(met and cys)  (met and cys) (met and c y s ) l l  
Threonine 3.8 3 .1  3.3 3.5 
His t i d i n e  3.3 2.1 1 .9  2.7 
Isoleucine  4.7 3.8 4.7 4.1 
- - 
cor~td. 






Swaminathan Deosthale Lamar Mali and An tog iovann i  
e t  g ( l 9 7 0 )  
-
- e t 2 . L  - e t d *  G u ~ t a  e t i ( l g n o )  
(1972) (1980) (1974) - 
Number of 
samples 6 24 5 16 5 
Pro te in  % 11.2 9.4 12.6 - - 
Lysine 2 .1  2.5 1.9 1.8 2.0 
Leucine 13.2 15.6 13.1 13.4 13.1  
Phenylalanine 4.7 - 4 8  - 5.0  
Valine 6.0 - 4.6 - 4.4 
Tryptophan 0.9 1 .O - 0.9 1 .8 
Methionine 1.7 2.2 1 .5  1.7 2.9 
(met and cys) (met and cyz 
Threonine 2.1 - 2.9 2.5 3.2 
His t i d i n e  2.1 - 2.0 - 1 . 9  
Isoleucine  4.4 5.4 3.6 - 3.2 
" c i t e d  i n  Rooney e t  a 1  (1980). 
Sorghum p r o t e i n s  a r e  d i f f i c u l t  t o  e x t r a c t .  The a l b u -  
mins  and g l o b u l i n s ,  l o c a t e d  p r i m a r i l y  i n  t h e  germ, a l e u r o n e  
l a y e r  and p e r i c a r p  have  t h e  h i g h e s t  l e v e l  of l y s i n e  and o t h e r  
e s s e n t i a l  amino a c i d s .  K a f i r i n  ( p r o l a m i n  f r a c t i o n s )  i s  h i g h  
i n  g l u t a m i c  a c i d  and t h e  n o n p o l a r  amino a c i d s ,  i t  i s  low i n  
l y s i n e  and m e t h i o n i n e .  The ka f  i r i n  f r a c t i o n  i s  p o s i t i v e l y  
c o r r e l a t e d  w i t h  sorghum p r o t e i n  c o n t e n t  ( V i r u p a k s h a  and 
S a s t r y  1968 ,  S a l u n k h e  e t  a 1  1 9 7 7 ,  Rooney e t  a 1  1 9 8 0 ) .  There -  
f o r e  i n c r e a s e  i n  p r o t e i n  c o n t e n t  due t o  f e r t i l i z e r  o r  o t h e r  
r e a s o n s  o n l y  d i l u t e s  t h e  p e r c e n t  of e s s e n t i a l  ar . ino a c i d s  
p r e s e n t ,  The k a f i r i n  p r o t e i n s  a r e  l o c a t e d  i n  t h e  endosperm 
i n  s p e r i c a l  p r o t e i n  m a t r i x .  The g l u t e l i n s  a r e  i n s o l u b l e  i n  
n e u t r a l  s o l v e n t s  and a r e  m a j o r  c o n s t i t u e n t s  of t h e  m a t r i x  
p r o t e i n s  i n  t h e  sorghum endosperm ( W e l l  and  B l e s s i n  1969 ,  
Rooney 22 1 9 8 0 ) .  T h e  f r a c t i o n s  of sorghum p r o t e i n  a s  
r e p o r t e d  by s e v e r a l  a u t h o r s  a r e  t a b u l a t e d  i n  Table  3 and 4 
Table 3: Protein f r a c t i o n  (g) of sorghum gra in  by 
Osborne mett~od 
References 
Virupaksha ~ t o c h  a1  Haikerwal  Neucere and 
and Sas t ry  and (1970)- Ma thieson Sumrell (1968) (1971) (1979) 
Number of 
s a r r ~ p l ~ s  
Albumin 
Mean 5.7 3.8 20.0 23.4 
Range 1.6-9.2 2.2-4.9 4.3-30.4 
Globulin 
Mean 7.1 3 a 9 8 .0  11.6 
Range 1.9-10.3 2.5-5.8 1.0-17.9 
Prolarriin 
Mean 52.7 5.8 30 .0  51.8 
Range 39.3-72,9 3.9-8.5 40, 6-60.3 
Glu te l in  
Mean 34.4 17 ,7  12 .O 13.7 
Range 23.5-45.0 14.9-20.8 4.5-34.3 
Residue 
Mean 59.1 30.0 5 , 2  
Range 52.8-62.6 3.6-7.5 
Ext rac t ion  8BO4 
e f f i c i ency  
j ' rable 4: P r o t e i n  f r a c t i o n s  ( % )  of sorghum g r a i n  by Landry-Mouraux i 
e x t r a c t i o n  p r o c e d u r e  
Jambunathan and Mertz  Walker* Meckens tock* 
( 1 9 7 2 )  (1974)  ( 1 9 7 9 )  
Whole g r a i n  endosperm Whole g r a i n  Whole g r a i n  
Number of 
samples  4 
F r a c t i o n  I 1 10.5 
and 1 (4.1-16.8)  G l o b u l i n  
F r a c t i o n  I1 I 9  * 4  Kaf i r i n  (2.5-18.4) 
F r a c t i o n  111 S 1 5 , 6  
F r a c t i o n  IV 1 11 .2  
G l u t e l i n  l i k e  1 (6.1-17.3) 
F r a c t i o n  V 1 4 2 . 0  
G l u t e l i n  ( (29.9-54.8)  
E x t r a c t i o n  
e f f i c i e n c y  88.7 
* c i t e d  i n  Rooney 3 & 1980 
Values i n  p a r e n t h e s i s  i n d i c a t e  r a n g e .  
BICLOSICAL EVALUATION OF WHOLE SORGHUM 
Most of  t h e  i n f o r m a t i o n  on t h e  b i o l o g i c a l  v a l u e  o f  
sorghum has  been o b t a i n e d  from an imal  r a t h e r  than  human 
s u b j e c t s  (Hoseney - e t - a 1 1 9 8 0 ) .  
Sorghum d i e t s  when f e d  t o  a d u l t  r a t s  a t  5% p r o t e i n  
l e v e l  gave a  BV of 83% and d i g e s t i b i l i t y  c o e f f i c i e n t  o f  91% 
( ~ w a m i n a t h a n  1 9 3 7 a ) ,  But  t h e  PER of sorghum d i e t  a t  5% l e v e l  
of p r o t e i n  was r e p o r t e d  t o  be  0 .78  (Swaminathan 1937b).  When 
sorghum p r o t e i n  was f e d  a t  10$ l e v e l  t h e  PER was found t o  be 
1.61 ( ~ h a n s a l k a r  -- e t  a 1  1 9 5 7 ) ,  Kuppuswamy e t  a 1  (1958) i n  a  
r e v i e w  of t h e  n u t r i t i v e  v a l u e  of c e r t a i n  c e r e a l s  consumed i n  
I n d i a  r e p o r t e d  t h e  PER of  sorghum t o  be 0.2-0.89 a t  5-6% p r o t e i n  
l e v e l  and 1.4-1,8 a t  96011;.! l e v e l  of p r o t e i n ,  TI)? 13V of sorghu~a  
was r e p o r t e d  t o  be 83%, 
The e f f e c t  of s u p p l e m e n t i n g  amino a c i d  t o  sorghum d i e t  
of w e a n l i n g  male r a t s  was s t u d i e d  by Pond yJ (1958). The 
a d d i t i o n  of 0.5% of L - l y s i n e  and 0.2% DL t h r e o n i n e  t o  t h e  
sorghum d i e t  was o b s e r v e d  t o  p roduce  growth  a p p r c x i m a t e l y  
e q u a l  t o  t h a t  o b t a i n e d  w i t h  a  p u r i f i e d  d i e t  c o n t a m i n g  11% 
c a s e i n ,  b u t  was i n f e r i o r  t o  t h a t  o b t a i n e d  w i t h  a 21$ c a s e i n  
p u r i f i e d  d i e t .  The a d d i t i o n  o f  0.2 o r  0.3% DL i s o l e u c i n e ,  
0.95 o r  0.1% DL-methionine, 0,1$ of  DL-tryptophan o r  0.2% o f  
22 
DL-valine h a d  n o  e f f e c t  on  g r o w t h  r a t e .  I- , h a s  
concluded t h a t  l y s i n e  a n d  t h r e o n i n e  w e r e  p r o b a b l y  t h e  m o s t  
l i m i t i n g  amino  a c i d s  i n  s o r g h u m ,  
Waggle a 1  ( 1 9 6 6 )  compared  t h e  n u t r i t i v e  v a l u e  o f  
-
2 sorghum g r a i n  c o m p o s i t e s  c o n t a i n i n g  7.9$ a n d  11.8% p r o t e i n  
r e s p e c t i v e l y .  R a t  a s s a y  s h o w e d  t h a t  t h e  n u t r i t i v e  v a l u e  a s  
s t u d i e d  by w e i g h t  g a i n  o f  a n i m a l s  o f  t h e  diet o f  l o w  p r o t e i n  
sorghum g r a i n  was s u p e r i o r  t o  t h a t  o f  a  h i g h  p r o t e i n  s o r g h u m  
g r a i n ,  A d d i t i o n  o f  l y s i n e ,  h i s t i d i n e  a n d  a r g i n i n e  t o  h i g h  
p r o t e i n  s o r g h u m  d i e t  r e s u l t e d  i n  a n  i n c r e a s e  i n  g rowth .  
Nawar -- e t  a 1  ( 1 9 7 0 )  a l s o  r e p o r t e d  t h a t  s u p p l e ~ n e n t i n g  
sorghum d i e t  w i t h  l y s i n e ,  t h r e o n i n e  a n d  m e t h i o n i n e  s t i m u l a t e d  
g r o w t h  i n  r a l s .  Tliey s l u d i e d  the  nu1r.i  L i vc  v ~ l u ?  o f  10 1 in?s  
o f  sorghuni f r o m  w o r l d  s o r g h u m  c o l l e c t i o n .  Digestibility 
v a r i e d  c o n s i d e r a b l y  b e t w e e n  v a r i e t i e s ,  r a n g i n g  iron1 48.9-88.1%. 
The  n u t r i t i v e  v a l u e  o f  1 0  v a r i e t i e s  a n d  4 h y b r i d s  o f  
sorghum g r a i n  was s t u d i e d  Dy r a t  e x p e r i m e n t a t i o n  u y  B r e u e r  
a n d  Dohm ( 1 9 7 2 ) .  S i g n i f i c a n t  d i f f e r e n c e s  w e r e  o b s e r v e d  i n  
t h e  n u t r i t i v e  v a l u e  b e t w e e n  v a r i e t i e s .  N u t r i t i v s  v a l u e  was 
f o u n d  t o  b e  n e g a t i v e l y  c o r r e l a t e d  w i t h  p r o t e i n  d i g e s t i b i l i t y ,  
Pushparnma & (1972) i n  a s t u d y  d e t e r c i n e d  t h e  
n u t r i t i v e  v a l u e  o f  s o r g h u m  by amino a c i d  a n a l y s i s  and  by P E L  
Sorghum was  f o u n d  t o  be  d e f i c i e n t  i n  t h r e e  o r  more a m i n o  a c i d s .  
The PER of s o r g h u m  was  1 . 4  and on s u p p l e m e n t a t i o n  w i t h  l y s i n e  
i t  i n c r e a s e d  t o  2 . 1 .  L y s i n e  + t r y p t o p h a n  s u p p l e m e n t a t i o n  
f u r t h e r  i m p r o v e d  PER t o  2.5. T r y p t o p h a n  w i t h o u t  l y s i n e  was 
f o u n d  t o  b e  i n e f f e c t i v e ,  i n d i c a t i n g  t h a t  l y s i n e  was t h e  m o s t  
l i m i t i n g  amino  a c i d .  
S i x  v a r i e t i e s  o f  s o r g h u m  w e r e  a s s a y e d  u s i n g  r a t s  t o  
d e t e r m i n e  t h e i r  d i g e s t i b l e  and  m e t a b o l i z a b l e  e n e r g y  c o n t e n t s  
b y  May and  N e l s o n  (1974).  The v a r i e t i e s  d i f f e r e d  i n  t a n n i n  
c o n t e n t  and  a m i n o  a c i d  c o m p o s i t i o n ,  V a r i a b l e  d i g e s t i b l e  a n d  
m e t a b o l i z a b l e  e n e r g y  v a l u e s  w e r e  o b t a i n e d  f o r  d i f f e r e n t  
v a r i e t i e s .  The t a n n i n  c o n t e n t s  o f  t h e  v a r i e t i e s  d i d  n o t  i n -  
f l u e n c e  t h e  e n e r g y  u t i l i z a t i o n  by r a t s .  
H e r b e r s  a n d  D a v i s  ( 1 9 7 4 )  u s e d  s c a n n i n g  e l 2 c t r o n  m i c r o .  
s c o p y  t e c h n i q u e  t o  o b s e r v e  s t a r c h  g r a n u l e  a n d  endosperm c e l l  
w a l l  d i g e s  t l o n  i n  the qd:; L r o - i n  L c s t . i ~ \ ~ l  t r s c  t c  of  r a t s .  
M i n u t e  s t a r c h  g r a n u l e  damage  o c c u r r e d  i n  s a m p l e  r e c o v e r e d  
f r o m  t h e  r a t  s t o m a c h .  H y d r o l y s i s  o f  e x p o s e d  s t a r c h  g r a n u l e s  
w a s  p r o m i n e n t  i n  s p l i t  k e r n e l s  r e c o v e r e d  f r o m  t h ?  j e j u n u m .  
S e v e r a l  l a y e r s  o f  e n d o s p e r m  c e l l  w a l l s  w e r e  b r o k e n  a s  t h e  
k e r n e l s  p a s s e d  t h r o u g h  s m a l l  i n t e s t i n e ,  h o w e v e r ,  c e l l  w a l l s  
d i m i n i s h e d  a r n y l o l y s i s  o f  u n d e r l y i n g  s t a r c h  g r a n u l ? ~ .  Amylo- 
l y t i c  p a t t e r n s  i n  t h e  s a m p l e s  f r o m  s m a l l  i n t e s t i n ?  w e r e  
a n a l o g o u s  w i t h  t h o s e  f r o m  t h e  cecum and l a r g e  i n t s s t i n e  a n d  
f e c e s .  B r e a k s  i n  t h e  e n d o s p e r m  w a l l  a p p e a r e d  t o  i n c r e a s e  
d u r i n g  d i g e s t i o n  i n  t h e  cecum and l a r g e  i n t e s t i n e .  Most  o f  
t h e  p e r i c a r p  was o b s e r v e d  t o  h a v e  e s c a p e d  h y d r o l y s i s .  
D i f f e r e n c e s  i n . t h e  r e s p o n s e  of  r a t s  t o  sorghum d i e t s  
w e r e  o b s e r v e d  by  I l o r i  a n d  C o n a r d  ( 1 9 7 6 )  w h i l e  e v a l u a t i n g  
s e v e r a l  l i n e s .  They f e l t  t h a t  t h e  d i f f e r e n c e  p r o b a b l y  w a s  
d u e  t o  t h e  v a r i a t i o n  i n  t h e  a m i n o  a c i d  c c m p o s i t i o n  r a t h e r  t h a n  
t h e  d r y  m a t t e r  d i g e s t i b i l i t y  o r  c r u d e  p r o t e i n  d i g z s  t i b i l i t y .  
H a r d e n  e t  a 1  ( 1 9 7 6 )  c o m p a r e d  t h e  p r o t e i n  i n  sorghum 
w i t h  t h a t  o f  c o r n ,  w i t h  t h e  d i e t a r y  p r o t e i n  a t  6% l e v e l ,  u s i n g  
r a t s  a s  e x p e r i m e n t a l  a n i m a l s .  The n u t r i t i v e  v a l u e s  o f  b o t h  
t h e  g r a i n s  w e r e  f o u n d  t o  b e  s i m i l a r .  
I n f l u e n c e  o f  p o l y e t h y l e n e  g l y c o l  o n  t h e  d i g e s t i b i l i t y  
of p r o t e i n s  i n  h i g h  t a n n i n  s o r g h u m  i n  r a t s  w a s  r e p o r t e d  by  
F o r d  and  H e w i t t  ( 1 9 7 7 ) .  D i g e s t i b i l i t y ,  B V  a n d  NPU o f  whole  
s o r g h u m  g r a i n  was f o u n d  t o  b e  538,  77% a n d  42% r ? s p e c t i v e l y .  
PER a n d  NPH o f  d i f f e r e n t  v a r i e t i e s  o f  sorghum w a s  
e v a l u a t e d  by S i k k a  and  J o h a r i  ( 1 9 7 9 )  and i t  was  i w n d  t h a t  
t h e  p r o t e i n  q u a l i t y  of CSH-1 was  t h e  b e s t  f o l l o w d  by  CSH-2 
a n d  S w a r n a ,  They  a l s o  f o u n d  t h a t  f o r t i f i c a t i o n  of s o r g h u m  
g r a i n  w i t h  l y s i n e  a t  9% l e v e l  i n c r e a s e d  the PER ana NPR v a l u s s  
s i g n i f i c a n t l y .  
K h a l i l  e t  a 1  ( 1 9 8 4 )  i n v e s t i g a t e d  two sorghum c u l t i v a r s  
f o r  t h e i r  c h e m i c a l  c o m p o s i t i o n  and n u t r i t i o n a l  q u a l i t y .  The 
two c u l t i v a r s ,  w h i t e  and r e d d i s h  w h i t e  were s i m i l a r  i n  p r o x i -  
mate c o m p o s i t i o n ,  i n  v i t r o  p r o t e i n  d i g e s t i b i l i t y  and c a l c u l a t e d  
PER. 
D E H U L L I N G  'OF SORGHUM 
D e h u l l i n g  o f  sorghum c a n  b r o a d l y  b e  c l a s s i f i e d  i n t o  
t h r e e  s e c t i o n s .  
1 )  T r a d i t i o n a l  d e h u l l i n y  which i s  done i n  v i l l a g a s  a t  t h e  
household  l e v e l .  
2 )  Adopted m i l l i n g  t e c h n o l o g y  borrovded f r o m  w h e a t ,  maize  
and r i c e  m i l l i n g  and 
3)  Methods s p e c i a l l y  d e s i g n e d  f o r  sorghum d e h u l l b n g .  
The p r o x i m a t e  c o m p o s i t i o n  of whole and  d e h u l l e d  sorghum 
a s  r e p o r t e d  by s e v e r a l  a u t h o r s  i s  t a b u l a t e d  i n  tab12 5 .  
Table 5 :  Proximate composition of whole and dehulled 
, sorghum gra in  
Ext rac t ion  
~~t~~ Prote in  Fa t  Ash F ibre  Reference 
Whole 1CO 12.0 2.6 3.1 
Dehulled a 95.5 12 ' 0  2*2  l a5  2*0  Raghavender Rao 
b 92.2 11.5 1.9 1.4 1.7 (1964) 
Whole 100 9.6 3.4 1.5 2.2 
Dehulled a 93.6 9.4 3.0 1 .2  1.3 
Hahn (1969) 
b 88.8 9.4 2.5 1.1 1 .0  
Dehullcd a 96.3 11.0 3.8 1.5 1 . 0  Vi rak t an l a th  
b 93.0 e t  a 1  (1971) 10.7 3.2 1 .3  0.8 - - 
Dehulled a 85.8 10.15 1.8 
b 80.8 10.16 1.6 James (1982) 
Wliole 100 14.4 3.1 1.4 
Dehulled 86.5 14.1 2.7 1.3 
Whole 100 15.6 4.2 2.0 2.2 
Dehulled a 95 15.8 4.0 1.8 1 . 8  Pedersen and 
16.0 3.5 1.6 1.8 Eggum (1983) b 90 
S i n c e  1972 ,  t h e  I n t e r n a t i o n a l  Development Resea rch  
C e n t r e  ( I D R C )  h a s  s u p p o r t e d  s e v e r a l  r e s e a r c h  p r o j e c t s  whose 
purpose  was t h e  deve lopment  of sys t ems  by which t o  p roduce  
a c c e p t a b l e  f l o u r  and o t h e r  m i l l e d  p r o d u c t s  from t h e  ma jo r  
c e r e a l  and g r a i n  legume c r o p s  of  t h e  SAT. The P r a i r i e  Reg iona l  
L a b o r a t o r y  (PRL) of N a t i o n a l  Resea rch  C o u n c i l  of Canada i n  
S a s k a t o o n  h a s  been much i n v o l v e d  i n  t h e  r e l a t e d  e n g i n e e r i n g  
r e s e a r c h  and development  o f  s u i t a b l e  d e h u l l e r s .  
The t r a d i t i o n a l  d e h u l l i n g  p r a c t i c e s  fo l lowed  i n  
v a r i o u s  c o u n t r i e s  have been d i s c u s s e d  a t  l e n g t h  by Vogel 
and  Graham (1979)  and H u l s e  e t  a1  (1980)  The t r a d i t i o n a l  
d e h u l l i n g  methods p r a c t i c a l  i n  I n d i a  h a v e  been documented by 
Pushpamma and Ch i t t emna  Rao (1981)  and Subramanian and 
Jambunathan ( 1 9 8 0 ) .  H u l s e  et (1980)  have  a l s o  r ev iewed  
t h e  v a r i o u s  mect-,anical me thods  of d e h u l l i n g  sorghum g r a i n  
which i n c l u d e  a b r a s i o n  and  a t t r i t i o n  t y p e s  of d e h u l l i n g .  
R i e c h e r t  ( 1 9 8 2 )  reviewed t h e  v a r i o u s  m e c h a n i c a l  d e h u l l i n g  de- 
v i c e s  a v a i l a b l e  f o r  sorghum. Both a t t r i t i o n  and a b r a s i v e  t y p e s  
of d e h u l l e r s  were  d i s c u s s e d .  Abras ive  t y p e  of  d e h u l l i n g  was 
found  t o  be  b e t t e r  than  a t t r i t i o n  t y p e  of  d e h u l l i n g  ( R i e c h e r t  
and Youngs 1 9 7 6 ) .  Among t h e  a b r a s i v e  t y p e  of  d e h u l l e r s  
Ooma'n e t  a 1  ( 1 9 8 1 )  showed t h a t  PRL d e h u l l e r  equipped w i t h  
r e s i n o l d  d i s c s  and t h e  PRL/RICC d e h u l l e r  equipped w i t h  f i n e  
g r i t  s t o n e s  w e r e  more e f f i c i e n t  than HGT equipped w i t h  
c o a r s e - g r i t  carborundum s t o n e s .  He r e F o r t e d  t h z t  t o  p roduce  
t h e  same a c c e p t a b l e  c o l o u r  ( ~ ~ t r o n  s p e c t r o p h o t o m e t e r ) ,  t h e  
y i e l d  was 1 2  t o  15% l o w e r  w i t h  GHT t h a n  w i t h  PRL o r  PRL/RICC 
d e h u l l e r ,  
The PRL min i  d e h u l l e r  was one o f  t h e  s e v e r a l  d e h u l l i n g  
d e v i c e s  d i s c u s s e d  by R i e c h e r t  (1982) .  It o p e r a t e s  on a  maxi- 
mum l o a d  of 7-kg b a t c h  and i s  u s e f u l  i n  a  l a b o r a t o r y  s i t u a -  
t i o n  o r  i n  a  v i l l a g e  s e t t i n g  where i t  c a n  perform s e r v i c e  
f u n c t i o n .  I n  t h i s  d e h u l l z e r  carborundum s t o n e s a o r  r e s i n o i d  
d i s c s  p r o v i d e  t h e  a b r a s i v e  a c t i o n .  R i e c h e r t  (1982) p o i n t e d  
o u t  t h e  need of c o m p a r a t i v e  s t u d i e s  t o  o p t i m i z e  t h e  a b r a s i v e  
s u r f a c e  i n  d e h u l l i n g  t o  p e r m i t  t h e  mos t  s e l e c t i v e  removal  of 
h u l l  l a y e r s  and t o  maximize t h e  y i e l d  o f  t h e  e d i b l e  p roduc t .  
12.5.1 T r a d i t i o n a l  v e r s u s  Mechanica l  D e h u l l i n g  
-
F a v i e r  e t  a 1  (1972) r e p o r t e d  t h a t  t h e r e  was a  g r e a t e r  
--
l o s s  of m a t e r i a l  from t h e  t r a d i t i o n a l  p e s t l e  and m o r t a r  method 
t h a n  i n  m e c h a n i c a l  d e h u l l i n g  a s  g r a i n  was thrown o u t  of  t h e  
rnotar d u r i n g  pounding.  They have r e p o r t e d  the  f o l l o w i n g  
chemica l  c o m p o s i t i o n  f o r  t r a d i t i o n a l l y  and  mechanica l ly  
d e h u l l e d  sorghum g r a i n ,  , 
Table 6 :  Chemica l  c o m p o s i t i o n '  of t r a d i t i o n a l l y  and 
m e c h a n i c a l l y  d e h u l l e d  so rghum g r a i n  
T r a d i t i o n a l  M e c h a n i c a l  Whole 
d e h u l l i n g  d e h u l l i n g  
P r o t e i n  $ 9.5 8.5 9.6 
F a t $  1 .4 1.3 3.0 
T o t a l  C a r o h y d r a t e  $ 8 8 . 0  89 .3  85.6 
Ash % 1.0 0.9  1.8 
C a l o r i e s  4 1  1 4 1 2  383 
J o h n  and M u l l e r  (1973) r e p o r t e d  t h e  e f f e c t  o f  m i l l i n g  
sorghum t o  v a r y i n g  e x t r a c t i o n  r a t e s  by  t h e  t r a d i t i o n a l  morhl*  
and p e s t l e  method f o l l o w e d  by g r i n d i n g  a n d  by r o l l e r  m i l l i n g .  
The r e s u l t s  show t h a t  t h e  n u t r i e n t  c o n t e n t  d e c r e a s e d  w i t h  
d e c r e a s i n g  e x t r a c t i o n  r a t e  and t h a t  t h e  n u t r i e n t  l o s s  w a s  
g r e a t e r  i n  t h e  mec t r an ica l  m i l l i n g  t h a n  t h e  t r a d i t i o n a l  method.  
R o l l e r - m i l l i n g  removed more  germ and b r a n  t h a n  t ' l s  t r a d i t i o n a l  
p r o c e s s .  The c o m p o s i t i o n  o f  t h e  t r a d i t i o n a l  and m e c h a n i c a l l y  
d e h u l l e d  g r a i n s  was r e p o r t e d  a s  f o l l o w s .  
T a b l e  7:  Chemical  c o m p o s i t i o n  o f  r o l l e r  m i l l e d  and p e s t l e  
and mortar m i l l e d  sorghum 
E x t r a c t i o n  P r o t e i n  F a t  F i b r e  Ash 
r a t e  (;/I) (%) ($1 ($1  (% 1 
P e s t l e  and 
mor ta r -mi l l ed  100 
R i e c h e r t  and Youngs (1977)  have compared m e c h a n i c a l l y  
( a b r a s i v e  and a t t r i t i o n  t y p e )  and t r a d i t i o n a l l y  d e h u l l e d  
sorghum f o r  p r o t e i n ,  a s h ,  o i l  and c rude  f i b r e  content .  Mecha- 
n i c a l l y  d e h u l l e d  g r a i n s  c o n t a i n e d  3 1 4 1 %  l e s s  o i l  and a s h  and 
9A8j! l e s s  p r o t e i n  a t  75% e x t r a c t i o n  t h a n  whole g r a i n s .  Tra- 
d i t i o n a l l y  d e h u l l e d  g r a i n s  c o n t a i n e d  7-21% l e s s  o i l  and  a s h  and 
5-9% l e s s  p r o t e i n  a t  75% e x t r a c t i o n  t h a n  who le  g r a i n s .  They  
a l s o  found t h a t  a b r a s i v e  t y p e  o f  d e h u l l e r  was  more e f f i c i e n t  
i n  removing c r u d e  f i b r e  t h a n  t h e  a t t r i t i o n  t y p e  of d e h u l l i n e  
o r  t h e  t r a d i t i o n a l  method. 
2.6 ANIW STUDIES US ING WHOLE AND DEHULLED SORGHUM 
Rao e t  a 1  (1958)  s t u d i e d  t h e  n u t r i t i v e  v a l u e  o f  whole 
and d e h u l l e d  sorghum by b i o a s s a y .  They found  t h a t  a  p o o r  
v e g e t a r i a n  d i e t  b a s e d  on whole  sorghum d i e t s  promoted s i g n i -  
f i c a n t l y  h i g h e r  g rowth  i n  r a t s  t h a n  i n  a  s i m i l a r  d i e t  b a s e d  
on d e h u l l e d  sorghum d i e t .  R a t s  f e d  on  whole sorghum d i e t  a l s o  
r e t a i n e d  s i g n i f i c a n t l y  l a r g e r  amounts o f  n i t r o g e n  t h a n  t h o s e  
on d e h u l l e d  sorghum however ,  t h e  d i g e s t i b i l i t y  o f  d e h u l l e d  
g r a i n  was h i g h e r  (77%) t h a n  t h e  whole g r a i n  (71.2$) .  
Eggum e t  a 1  ( 1 9 8 2 )  i n  a s t u d y  r e p o r t e d  t h e  TD, BV, NPU 
and DE of  whole  and d e c o r t i c a t e d  sorghum.  Rats  f e d  whole  
sorghum d i e t s  had h i g h e r  w e i g h t ,  and BV and  NPU was a l s o  h i g h e r  
when compared t o  r a t  f e d  d e c o r t i c a t e d  g r a i n ,  P r o t e i n  TD and 
DE however was h i g h e r  i n  t h e  d e c o r t i c a t e d  d i e t  when compared 
t o  whole  g r a i n  d i e t .  
P e d e r s e n  and Eggum (1983)  s t u d i e d  t h e  n u t r i t i v e  v a l u e  
o f  d e h u l l e d  low t a n n i n  sorghum f l o u r  w i t h  ex t r a c t i o n  r a t e s  
be tween  1 0 0  a n d  64%. I t  was  o b s e r v e d  t h a t  t h e  c o n t e n t  o f  
e s s e n t i a l  n u t r i e n t s  d e c r e a s e d  when t h e  e x  t r a c t i o n  r a t e  was 
l o w e r e d ,  b u t  t h e  c o n t e n t  of  f i b r e ,  t a n n i n s  and c h y t a t e s  was 
a l s o  s i g n i f i c a n t l y  r e d u c e d  by  m i l l i n g .  The d i g e s t i b i l i t y  of 
e n e r g y  and p r o t e i n  was h i g h ,  bu: t h e  p r o t e i n  c ~ a l i t y  was poor,  
e s p e c i a l l y  i n  f l o u r s  o f  l o w  e x t r a c t i o n .  Amino a c i d  supplementa- 
t i o n  improved  p r o t e i n  u t i l i z a t i o n  and w e i g h t  g a i n  consfdcrably. 
EFFECT OF PROCESSING 
2.7.1 P a r c h i n g  
Acharya e t  a 1  ( 1 9 4 2 )  examined t h e  e f f e c t  of p a r c h i n g  
on'the 8V of sorghum. Using marke t  sample  t h e  f o l l o w i n g  s t e p s  
were  f o l l o w e d  f o r  p r o c e s s i n g  t h e  g r a i n .  
( a )  S p r i n k l e d  w i t h  w a t e r  o r  s a l i n e  s o l u t i o n  
( b )  Mixed w i t h  a b o u t  4 x  i t s  own volume o f  p rehea ted  
( 2 3 5 - 2 4 0 ' ~ )  s a n d  i n  a  f r y i n g  pan o v e r  a n  open f i r e ,  
( c )  Parched  by r a p i d  m i x i n g  i n  t h e  f r y i n g  pan with a  
l a d l e ;  t h e  t e m p e r a t u r e  of  t h e  g r a i n  r o s e  t o  a b o u t  
1 3 2 - 1 3 6 ' ~  i n  2-3 m i n u t e s  and 
( d )  S e p a r a t e d  from sand by s i e v i n g ,  
Ra t  f e e d i n g  t r i a l s  showed t h a t  p a r c h i n g  r a i s e d  
s i g n i f i c a n t l y  t h e  BV of  sorghum b u t  i n c r e a s e  i n  9V was n o t  
accompanied by an i n c r e a s e  i n  d i g e s t i b i l i t y ,  
2 ~ 7 ~ 2  Popping  -
Reeve and  Walker (1969) popped sorghum  rain u n d e r  
l a b o r a t o r y  c o n d i t i o n s  by e x p o s i n g  t o  a  t e m p e r a t u r e  o f  2 4 6 ' ~ .  
S a m p l e s  of raw and popped g r a i n  were examined microscopically 
3 3 
under  normal  and p o l a r i z e d  l i g h t .  O b s e r v a t i o n s  showed t h a t  
l o c a l i z e d  r u p t u r e  o f  t h e  c e l l  w a l l  o c c u r r e d  i n  t h e  expanded 
endosperm* The spongy expanded endosperm c o n s i s t e d  of i n t a c t  
c e l l s  w i t h i n  which t h e  g e l a t i n i z e d  s t a r c h  f ormcd a  c h a r a c t e r i -  
s t i c  ' s o a p  b u b b l e '  s t r u c t u r e  t y p i c a l  o f  popped g r a i n .  Endo- 
sperm c e l l  w a l l s  n e a r  t h e  a l e u r o n e  l a y e r  remained main ly  
i n t a c t  though  some s w e l l i n g  was e v i d e n t .  Near t h e  s c u t e l l u m  
t h e  endosperm s t a r c h  g r a n u l e s  remained u n g e l a t i n i z e d .  The 
s c u t e l l u m  d i d  n o t  expand and popping d i d  n o t  d i s o r g a n i s e  t h e  
s t r u c t u r e  of t h e  embryo, 
2.7.3 B o i l i n g  
-. - 
FA0 (1970) r e p o r t e d  a  p e r s o n a l  communication f r o m  
D r e y e r  (1963) t h a t  sorghum cooked and ' d r i e d  a t  5 0 ' ~  f e d  t o  
r a t s  a t  lo,! p r o t e i n  l e v e l  g a v e  a BV of 73.221, d i g e s t i b i l i t y  
of 76,3b and a  NPU ( c a l c u l z t e d )  o f  55.8%. 
The p r o t e i n  q u a l i t y  and d i g e s t i b i l i t y  o f  two h i g h  
l y s i n e  (2.9-3.0g/100 g p r o t e i n )  and two c o n v e n t i o n a l  v a r i e t i e s  
( l y s i n e  c o n t e n t  2.1-2.2g/100 g  p r o t e l n )  o f  whole g r a i n  sorghurn 
m i l l e d  a s  f l o u r  were a s s e s s e d  through b a l a n c e  s t u d i e s  i n  1 3  
c h i l d r e n ,  6-30 months of a g e  by MacLean & (1951). S o r g h m  
p r o t e i n s  p r o v i d e d  6.4 or  8;1: of d i e t a r y  e n e r g y .  I t  was observed  
t h a t  sorghum consumption was a s s o c i a t e d  w i t h  weight l o s s  or 
p o o r  weigh t  g a i n .  The mean n i t r o g e n  a b s o r p t i o n  of sorghum was 
46$ ($17) and r e t e n t i o n  was 14% ( t 1 0 )  o f  t h e  in take .  
A x t e l l  e t  a1  ( 1 9 8 1 )  r e p o r t e d  an  i n  v i t r o  s y s t e m  
-- 
which was  s e n s i t i v e  t o  t h e  d i g e s t i b i l i t y  d i f f e r e n c e s  between 
sorghum and o t h e r  c e r e a l s ,  a s  wean l ing  r a t s  gave  a  d i g e s t i b i -  
l i t y  v a l u e  of 8 0 ,  f o r  cooked  sorghum g r u e l  and 855 f o r  uncooked 
sorghum and human s t u d i e s  gave  c o n t r a d i c  t i n y  r e s u l t s  (MacLean 
e t  & 1 9 8 1 ) .  P o r c i n e  p e p s i n  used i n  i n  v i t r o  s t u d y  showed 
-
d i g e s t i b i l i t y  d i f f e r e n c e s ' ;  It was o b s e r v e d  t h a t  w i t h  p o r c i n e  
p e p s i n ,  uncooked sorghum p r o t e i n s  gave a  h i g h  d i g e s t i b i l i t y  
(78- la)$) ,  which dropped t o  a  range of 45-55% a f t e r  c o o k i n g .  
The a u t h o r s  f e l t  t h a t  d i g e s t i b i l i t y  v a l u e s  o b t a i n e d  f rom 
p o r c i n e  p e p s i n  a s s a y  cou ld  be e x t r a p o l a t e d  f o r  c h i l d r e n .  
U g a l i ,  a  Tanzan ian  food p r o d u c t  p repa red  by c o o k i n g  
-
sorghum f l o u r  i n  w a t e r  was e v a l u a t e d  f o r  i t s  b i o l o g i c a l  v a l u e  
by r a t  f e e d i n g  t r i a l s  (Eggum e t  a1  1 9 8 2 ) .  Whole and hand 
d e c o r t i c a t e d  g r a i n s  were  u s e d  f o r  t h e  s t u d y .  The a u t h o r s  
e x p r e s s e d  t h a t  whole g r a i n s  u g a l i  was more  n u t r i t i o u s  a s  t h e  
w e i g h t  g a i n  was 1,40g/day a s  compared t o  t h e  d e c o r t i c a t e d  
g r a i n  - u g a l i  when t h e  w e i g h t  g a i n  was 0 .04g/day.  Th i s  was  
p r o b a b l y  d u e  t o  t h e  d e c r e a s e  i n  t h e  l y s i n e  c o n t z t  on d e c o r t i -  
c a t i o n .  Thc 1 y s j . n ~  contc!nt  O F  whole g r a i n  was  2.0 g/16g N 
and i n  t h e  d e c o r t i c a t e d  g r a i n  i t  was 1 .2g /16g  N .  The TD 
BV, NPU and DE e f  whole and d e c o r t i c a t e d  g r a i n  u q a l i  were as 
t a b u l a t e d  below.  
Table 8 :  N u t r i t i o n a l  q u a l i t y  of u  a l i  p r e p a r e d  from 
whole and d e h u l l e  -8- sorghum 
by r a t  f e e d i n g  t r i a l s  
D i e t  
Whole g r a i n  
u g a l i  
D e c o r t i c a t e d  
g r a i n  u g a l i  
n  TD B V  NPU DE 
2 , 7 , 4  Unleavened b r e a d  
B r e s s a n i  e t  a 1  ( 1 9 7 7 )  compared w h i t e  sorghum and 
m a i z e  i n  making of t o r t i l l a s  u s i n g  t h e  same p r o c e s s  f o r  b o t h  
g r a i n s .  I t  was focnd  t h ; t  sorghum t o r t i l l a s  were cooked i n  
a b o u t  h a l f  , the t ime taker ,  by maize. When t h e  t o r t i l l a s  were 
f e d  t o  r a t s  t h e  p r o t e i n  e f f i c i e n c y  r a t i o  of  sorghum t o r t i l l a s  
was found t o  be  0.6 ( p r o t e i n  l e v e l  o f  d i e t  8.5%) and m a i z e  
t o r t i l l a s h a d  PER of 1.0 ( p r o t e i n  l e v e l  of  d i e t  9,3%). 
7- 
The p r o x i m a t e  c o m p o s i t i o n  o f  & (un leavened  b r e a d  
consumed i n  I n d i a )  h a s  b e e n  r e p o r t e d  by  Pushpamna and Geervani  
( 1 9 8 1 )  and i s  t a b u l a t e d  i n  t a b l e  9 ,  
T a b l e  9: P r o x i m a t e  c o m p o s i t i o n  of sorghum roti p e r  100 g  
C a l o r i e  
P r o t e i n  ( g )  
F a t  ( g )  
C a r b o h y d r a t e  ( g )  
Ash (5-1 
F i b r e  ( 9 )  
2.7.5 Baking  
Sorghum f l o u r  d o e s  n o t  c o n t a i n  any g l u t e n b i n  i t s  
p r o t e i n .  T h e r e f o r e  a c c e p t a b  l e  l e a v e n e d  p r o d u c t s  a r e  d i f f i c u l t  
t o  p r e p a r e  w i t h  100b sorghum f l o u r .  S e v e r a l  s t u d i e s  have  been 
r e p o r t e d  where i n  bakery  p r o d u c t ,  5-30,! of e i t h a  whole o r  
d e h u l l e d  sorghum f l o u r  h a s  been  i n c o r p o r a t e d  w i t h  wheat  f l o u r  
s u c c e s s f u l l y  ( F u t r e l l  and A b d u l l a h i  1967 ,  Bha t ia  e t  a 1  1 9 6 8 ,  
Dendy &. 1 9 7 1 ,  Rao and S h u r p a l e k a r  1 9 7 6 ,  Perren 1 9 7 7 ,  
Rooney e t  a 1  1 9 8 0 ) .  
A few s t u d i e s  have  been  r e p o r t e d  where only sorghum 
f l o u r  h a s  b e e n  used for b a k e r y  produc t .  B a d i  5 & (1978) 
have r e p o r t e d  t h a t  a c c e p t a b l e  b i s c u i t s ,  c a k e s ,  b a f f l e s  and 
p a n c a k e s  have been produced from 10% sorghum f:sur. 
K h a l i l  e t  a 1  (1984)  i n  a  s t u d y  u s i n g  two c u l t i v a r s  
o f  sorghum, w h i t e  and r e d d i s h  w h i t e  found  t h a t  baking had 
no e f f e c t  on prox imate  a ~ d  amino a c i d  compos i t ion .  The l e v e l s  
of  l y s i n e  meth ion ine  and c y s t i n e  and t h r e o n i n e  i n  un leavened  
and l e a v e n e d  bread  were a s  f o l l o w s ,  
T a b l e  1 0 :  L e v e l s  o f  l y s i n e ,  meth ion ine  and c y s t i n e  and 
t h r e o n i n e  i n  unleavened and leavened  bread 
F l o u r  Bread 
Amino a c i d  Reddish Reddish 
Reddish-  White w h i t e  White whi te  w h i t e  
unleavened l e a v e n e d  
L y s i n e  2.5 2.6 2.4 2.6 2.9 
Meth ion ine  
and C y s t i n e  2.6 2.5 2 .8  3.0 3.3 
Threonine  3 . 2  3.2 3 ,2  3 .2  3 . 2  
12.7.6 F e r m e n t a t i o n  
The n u t r i e n t  c o n t e n t  and  he amino a c i d  p a t t e r n  of 
k i s r a ,  a  f e r m e n t e d  Sudanese bread  was s t u d i e d  by E l  T i n a y  
-
e t  & (1979)  u s i n g  t h r e e  sorghum v a r i e t i e s .  The r e s u l t s  
-
i n d i c a t e d  t h a t  t h e r e  was a  s l i g h t  l n c r e a s e  i n  the  p r o t e i n  
c o n t e n t  as  a  r e s u l t  of k i s r a  f e r m e n t a t i o n  and an a p p r e c i a b l e  
drop i n  s t a r c h .  T o t a l  and non-reducing s u g a r s  & c r e a s e d  
markedly a t  t h e  commencement o f  the f e r m e n t a t i o n  p r o c e s s ,  
w h i l e  c r u d e  f i b r e  c o n t e n t  i n c r e a s e d .  Threon ine  and l y s i n e  
r emained  p r a c t i c a l l y  unchanged d u r i n g  k i s r a  f e r m e n t a t i o n .  
T y r o s i n e  and m e t h i o n i n r  were  e n r i c h e d  a s  a  r e s u l t  o f  f e r -  
m e n t a t i o n  f o r  a l l  t h r e e  v a r i e t i e s ,  ' 
The  n u t r i e n t  comp,osi , t ion of o&. ( N i g e r i a n  food  p r o d u c t )  
was r e p o r t e d  by H e s s e l t i n e  (1979)  and i s  g i v e n  i n  t h e  t a b l e  
b e l o g .  
T a b l e  11: P r o x i m a t e  c o m p o s i t i o n  of sorghum o g i  a s  $, on 
d r y  w e i g h t  b a s i s  ( e x c e p t  m o i s t u r e ) .  
Sorghum Sorghum oc& 
M o i s t u r e  
Crude P r o t e i n  
F a t  
Crude F i b r e  
C a r b o h y d r a t e  
( b y  d i f f e r e n c e )  
Ash 
C a l o r i e s  
Au and F i e l d s  ( 1 9 8 1 )  s t u d i e d  t h e  r e l a t i v z  n u t r i t i v e  
v a l u e  ( R N V )  of sorghum f e r m e n t e d  a t  25' and  3 5 ' ~ .  The RNV 
o f  .s;rghum fermen t e d  a t  25'~ and 3 5 ' ~  i n c r e a s e d  s i g n i f i c a n t l y  
(P(0.05) o v e r  t h e  ;l! RNV of t h e  c o n t r o l .  Dur ing t h e  c o n s e -  
c u t i v e  7 d a y s  f e r m e n t a t i o n  a t  2 5 ' ~ ,  t i m e  was found t o  have nJ 
e f f e c t  on t h e  % RNV. The h i g h e s t  RNV was a c h i e v e d  a t  t h e  end 
o f  one  d a y .  F e r m e n t a t i o n  a t  3 5 ' ~  was i n f l u e n c e d  by t h e  t i m e ,  
w i t h  h i g h e s t  f i  RNV a t  t h e  end o f  7 d a y s .  A v a i l a b l e  l y s i n e  
and m e t h i o n i n e  i n c r e a s e d  s u b s t a n t i a l l y  (~<0.01) over  t h e  
c o n t r o l  when sorghum was f e r m e n t e d  a t  2 5 < ' ~  o r  2 5 ' ~  f o r  4 d a y s .  
Kazanas  and F i e l d s  ( 1 9 8 1 )  a l s o  r e p o r t e d  a  s i g n i f i -  
c a n t  (P<O.OOL) i n c r e a s e  i n  RNV a s  a  r e s u l t  o f  f e r m e n t a t i o n  i n  
sorghum. S i g n i f i c a n t  ( P < 0 . 0 0 1 )  i n c r e a s e  was a l s o  r e p o r t e d  
i n  t h e  l y s i n e ,  l e u c i n e / i s o l e u c i n e  and m e t h i o n i n e  c o n t e n t .  
A u t h o r s  r e p o r t  t h a t  a l t h o u g h  t h e  f e r m e n t a t i o n  produced 
i n c r e a s e d  a v a i l a b i l i t y  of n u t r i e n t s ,  i t  d i d  n o t  p roduce  a n y  
c h a n g e  i n  t h e  p r o x i m a t e  a n a l y s i s .  
The p r o x i m a t e  c o m p o s i t i o n  of i n j e r a ,  a  l eavened  
E t h i o p i a n  t r a d i t i o n a  1 b r e a d  p r e p a r e d  f r o m  d e h u l l e d  sorghum was 
r e p o r t e d  by G e b r e k i d a n  and Ge lb rehewot  (1982). T h e  compos i -  
t i o n  ( E t h i o p i a n  N u t r i t i o n  I n s t i t u t e  1 9 8 0 )  i s  g iven  i n  t h e  
f o l l o w i n y  t a b l e .  
Table  12: P rox ima te  Composi t ion  of i n j e r a  p e r  100 g 
- 
C a l o r i e s  
M o i s t u r e  i! 
P r o t e i n  ( g )  
F a t  ( g )  
Carbohydra te  ( g )  
F i b r e  ( g )  
Ash ( g )  
Eggurn e t  a1  ( 1 9 8 3 )  s t u d i e d  t h e  n u t r i t i o n a l  q u a l i t y  
o f  some f e r m e n t e d  Sudanese  f o o d  by r a t  f e e d i n g  t r i a l s  u s i n g  
t h r e e  v a r i e t i e s  of sorghum. Among t h e  f o o d  p roduc t s  s t u d i e d  
two food p r o d u c t s  were k i s r a  and aceda .  
The n u t r i t i o n a l  q u a l i t y  of k i s r a  showed only  minor  
d i f f e r e n c e s  compared t o  t h e  uncooked m a t e r i a l s .  There was 
no change i n  D E ,  and t h e  mean T D  of t h e  unprocesssd  d i e t s  
was 96.8 compared t o  94.2 f o r  t h e  t h r e e  k i s r a  d i 2 t s .  The 
NPU of  whole k i s r a  p r e p a r e d  f rom two sorghum var :? t ies  ( ~ e t r o n  
and ~ e t c r i t a )  were  48.9 and 47.3 respectively, ti;U and k i s r a  
p r e p a r e d  f rom d e h u l l e d  g r a i n  (Dabar)  was 53.4. ?Incooked 
f e r m e n t e d  a c e d a  had a s l i g h t l y  h i g h e r  DE compare: t o  cooked, 
unfermented a c i d  a d j u s t e d  a c e d a .  The cooked ac?;a d i e t s  
showed a d e c r e a s e  i n  TD. On ly  minor c h a n g e s  i n  l y s i n e  
was obse rved .  The NPU of  uncooked aceda  w e r e  45.3 wher 
cooked aceda had NPU of 50.1. 
Germina t ion  
Wang and F i e l d s  (1978)  g e r m i n a t e d  sorghum s e e d s  a t  
25O, 30' and 3 5 ' ~  and found  t h a t  g e r m i n a t i o n  i n c r e a s e d  t h e  
r e l a t i v e  n u t r i t i v e  v a l u e  ( R N V )  and a l s o  i n c r e a s e d  l e v e l s  o f  
l y s i n e ,  m e t h i o n i n e  and t r y p t o p h a n  when compared t o  non germi-  
n a t e d  s e e d s .  The RNV of  ungermina ted  sorghum was 55.5$ whereas 
on g e r m i n a t i o n  i t  i n c r e a s e d  t o  63.9s.  The h i g h e s t  RNV was 
a t t a i n e d  when t h e  s e e d s  w e r e  g e r m i n a t e d  f o r  5 days a t  2 5 ' ~ ,  
6 days  a t  3 0 ' ~  and 3 d a y s  a t  3 5 ' ~ .  The h i g h e s t  RNV ior 
sorghum was 78.3b.  
The e f f e c t  of g e r m i n a t i o n  on normal  and high l y s i n e  
sorghum was s t u d i e d  by Wu and Wall ( 1 9 8 0 ) .  Both normal and 
h i g h  l y s i n e  sorghum were germina ted  f o r  1 0  d a y s ,  L y s i n e  
c o n t e n t  of germina ted  normal  sorghum i n c r e a s e d  a f t e r  10 days 
from 2.2 t o  3 . 2 g / 1 6 g ~ .  F o r  sprou ted  h i g h  l y s i n e  sorghum, 
l y s i n e  c o n t e n t  i n c r e a s e d  f rom 3.0 t o  7 . 8 g / 1 6 9 ~  a f t e r  7 d a y s ,  
A l a r g e  i n c r e a s e  i n  albumin ( r i c h  i n  l y s i n i )  accolnpanied 
s p r o u t i n g ,  The p e r c e n t  p r o t e i n  In g e r m i n a t e d  sorghum was 
found t o  be  g r e a t e r  than i n  t h e  i n i t i a l  g r a i n  as a r e s u l t  of 
d r y  mst l .cr  lo!;$ i n  tho cjrilin durlnq q o r m i n ~ t i o n ,  b u t  t h c  
a b s o l u t e  amount o f  p r o t e i n  p e r  k e r n e l  d i d  n o t  i n c r e a s e .  
Changes !in t a n n i n ,  s t a r c h ,  r e d u c i n g  s u g a r s  and f r e e  
amino a c i d s ,  d u r i n g  g e r m i n a t i o n  of low and high t a n n i n  sorghum 
were  d e t e r m i n e d  by Chavan e t  a 1  ( 1 9 8 1 ) .  About 73g and 20/! 
t a n n i n  were  l o s t  d u r i n g  1 2 0  hours  g e r m i n a t i o n  i n  h i g h  t a n n i n  
and low t a n n i n  s e e d s  r e s p e c t i v e l y .  Accumulat ion o f  r e d u c i n g  
s u g a r s ,  f r e e  amino a c i d s  and d e g r a d a t i o n  o f  s t a r c h  were  
r e p o r t e d  t o  be  c o n s i d e r a b l y  low i n  h i g h  t a n n i n  s e e d s  a s  
compared t o  low t a n n i n  s e e d s .  It was s u g g e s t e d  t h a t  p r o b a b l y  
t a n n i n s  were  r e s p o n s i b l e  f o r  r e t a r d i n g  s e e d l i n g  growth by 
d e c r e a s i n g  t h e  r a t e  of  s t a r c h  and p r o t e i n  d e g r a d a t i o n  i n  
g e r m i n a t i n g  h i g h  t a n n i n  s e e d s .  
Endosperm m o d i f i c a t i o n  i n  ge rmina  t i n g  sorghum g r a i n  
was s t u d i e d  w i t h  s c a n n i n g  e l e c t r o n  mic roscopy  by G l e n n i e  
e t  & ( 1 9 8 3 ) .  B i r d  r e s i s t a n t  sorghum g r a i n  was g e r m i n a t e d  a t  
-
2 8 ' ~  f o r  1 2  d a y s  and s a m p l e s  were t aken  e v e r y  day f o r  micro-  
s c o p i c  e x a m i n a t i o n .  Endosperm m o d i f i c a t i o n  began a t  t h e  
endosperm s c u t e l l u m  i n t e r f a c e  and s u b s e q u e n t l y  noved i n t o  t h e  
f l o u r y  endosperm,  w i t h  s l i g h t  m o d i f i c a t i o n  o f  t5e  p e r i p h e r a l  
endosperm. The horny endosperm was m o d i f i e d  l a s t .  The m a t r i x  
p r o t e i n  began  t o  d i s a p p e a r  f i r s t  and a f t e r  i t  vizs d i s r u p t e d ,  
t h e  s t a r c h  g r a n u l e s  , ~ n d  p r o t e i n  bod ics  w e r c  dcar .~ded s i r n u l t j -  
n e o u s l y .  The a l e u r o n e  c e l l s  d i d  n o t  a p p e a r  t o  5 2  a c t i v e  i n  
enzyme p r o d u c t i o n ,  t h e  s c u t e l l u m  f u l f i l l e d  this r o l e .  How- 
ever, t h e  a l e u r o n e  c e l l s  w e r e  exteris i v e l y  modif isd  d u r i n g  
g e r m i n a t i o n  and  t h e i r  m i n e r a l  c o n t e n t  was g r e a t l y  r e d u c e d *  
The c e l l  w a l l s  w e r e  t h e  o n l y  p a r t  of t h e  e n d o s p e r m  t h a t  a p p e a r e d  
v i s u a l l y  unchanged  a f t e r  g e r m i n a t i o n .  They r e t a i n e d  t h e i r  
s t r u c t u r e  e v e n  a f t e r  t h e  endospe rm was  e x t e r l s i v e l y  m o d i f i e d  
and t h e  c e l l s  had l o s t  t h e i r  c o n t e n t s .  
A i s i e n  and P a l m e r  ( 1 9 8 3 )  s t u d i e d  t h e  t i m e - c o u r s e  
c h a n g e s  i n  t h e  s t r u c t u r a l  a n a  p h y s i o l o g i c a l  p r o p e r t i e s  of 
so rghum g r a i n  crnbryo i n  r c l . a t i o n  t o  t h e  h y d r o l y s i s  of  t h e  
e n d o s p e r m  d u r i n g  g e r m i n a t i o n  and s e e d l i n g  g r o w t h .  H l s t o -  
c h e m i c a l  a n a l y s i s  showed t h a t  t h e  r e s e r v e  f o o d  m a t e r i a l  o f  
t h e  s c u t e l l u m  t i s s u e  w e r e  m o b i l i z e d  r a p i d l y  d u r i n g  g e r m i n a t i o n ,  
E l e c t r o n  m i c r o s c o p y  s t u d i e s  showed t h a t  e x t e n s i v e  m e t a b o l i s m  
o f  s u b c e l l u l a r  s t o r a g e  m a t e r i a l  o c c u r r e d  d u r i n g  g e r m i n a t i o n .  
D i s s e c t i o n  of sorghum showed t h a t  t h e  w h o l e  body o f  t h e  
s c u t e l l u m  was c a p a b l e  o f  producing a - a m y l a s e .  
2.7.8 M a l t i n g  
I n  s e v e r a l  A f r i c a n  c o u n t r i e s  s o r g h u m  i s  f e r m e n t e d  
i n t o  b e e r  a n d  m a l t i n g  o f  t h e  g r a l n  i s  a  p r i m a r y  s t e p  i n  t h e  
b r e w i n g  i n d u s t r y .  S t u d i e s  t h e r e f o r e  h a v e  been d i r e c t e d  
t o w a r d s  v a r i e t i e s  t h a t  p r o d u c e  desirable q u a n t i t i e s  and  
q u a l i t y  of a - ~ n d  p-amylases-cnzymes n e c e s s a r y  i n  m a l t  f o r m -  
t i o n  and a l s ~  responsible f o r  t h e  d i a s t a t i c  pohp?r of m a l t  
( N o v e l l i e  1 9 5 9 ,  N o v e l l i e  1 9 6 0 ,  N o v e l l i e  1 9 6 2 a ,  ;nd N o v e l l i e  
1962b), 
"on H o l d t  ancl Brand (1960)  s t u d i e d  changes  i n  
c a r b o h y d r a t e  of sorghum d u r i n g  m a l t i n g .  S u g a r s  p r e s e n t  i n  
t h e  g r a i n  w e r e  g l u c o s e ,  f r u c t o s e  and s u c r o s e  whereas  t h e  
m a l t  had  i n  a d d i t i o n  m a l t o s e  and l o w e r  m a l t o s e  o l i g o s a c c h a r i d e .  
D u r i n g  m a l t i n g ,  t h e  s t a r c h  c o n t e n t  d e c r e a s e d  by 43%. It was 
o b s e r v e d  t h a t  g e r m i n a t i o n  of k a f f i r  c o r n  was accompanied by 
a  s t e a d y  i n c r e a s e  of f r u c t o s e  and s u c r o s e  which was a p p a r e n t  
f rom t h e  f i r s t  d a y  ana c o n t i n u e d  u n t i l  t h e  f i f t h  day .  M a l t o s e ,  
i s o r n a l t o s e ,  m a l t o t r i o s e  and t r a c e s  of h i g h e r  m a l t o s e  o l i g o -  
s a c c h a r i d e s  a p p e a r e d  on t h e  f i r s t  day and i n c r e a s e d  s h a r p l y  
o v e r  t h e  who le  7 days  e x p e r i m e n t a l  p e r i o d ,  a s  d i d  g l u c o s e .  
Aucamp e t  a 1  ( 1 9 6 1 )  d e t e r m i n e d  p r o t e i n ,  f a t ,  f i b r e ,  
a s h ,  t h i a m i n e ,  r i b o f l a v i n  and n i a c i n  c o n t e n t  i n  e i g h t  v a r i e -  
t i e s  of sorghum g r a i n  and m a l t .  From o n e  m a l t  sample a  b reak -  
f a s t  f o o d  was p r e p a r e d  and i t s  con lpos i t i on  was s t u d i e d .  Pro-  
t e i n ,  f a t ,  f i b r e  and ash  c o n t e n t  o f  so rghum g r a i n ,  m a l t  a n d  
t h e  b r e a k f a s t  f o o d  i s  g i v e n  below. 
T a b l e  13: P r o t e i n ,  f a t ,  f i b r e  and a s h  c o n t e n t  of sorghum 
g r a i n ,  malt  and t h e  b r e a k f a s t  food 
prepared t he re f rom 
Grain Ma1 t 
n = 8  n = 8  
B r e a k f a s t  
Range Mean Range food Mean * = 1 
P r o t e i n  t! 8.5-11.0 10.7 10.0-12.2 11.0 9 .5  
F a t  % 1.6-4.6 3.6 1.4-3.0 2.8 3.6 
F i b r e  $ 3.4-7.3 4.7 2.5-5.0 4.2  3.5 
Ash $ 1.4-2.2 1.7 1.3-2.0 1.6 3.0 
The amino ac id  composi t ion of one v a r i e t y  of sorghum 
g r a i n  and ma l t  as  r epo r t ed  by Horn and Schwartz  (1961) ,  i s  
t a b u l a t e d  i n  Table 14 .  
  able 14: Amino ac id  composi t ion of sorghum g ra in  anci malt  
A s p a r t i c  a c i d  
Threonine 
S e r i n e  
Glutamic a c i d  
P ro1  i n e  
Glyc ine  
Alan ine  
Va l ine  
Meth ionine  
I s o l e u c i n e  
Leuc ine  
Tyros ine  
P h e n y l a l a n i n e  
Lys ine  
His t i d i n e  
Argin ine  
Cys tine/:! 
Tryptophan 
Grain Ma1 t 
Development  of r o o t l e t s  and a c r o s p i r e s  d u r i n g  
g e r m i n a t i o n  o f  sorghum l e a d  t o  a  l o s s  i n  t h e  y i e l d  o f  m a l t .  
Khan e t  a 1  (1977) have  r e p o r t e d  t h a t  s e e d s  s t e e p e d  i n  0.3% 
ammonia showed h i g h e r  m o i s t u r e  a b s o r p t i o n  and p r e v e n t e d  t h e  
f o r m a t i o n  of r o o t l e t s  and a c r o s p i r e s  and  t h u s  minimised t h e  
l o s s  d u r i n g  m a l t i n g .  The p rox imate  a n a l y s i s  o f  sorghum m a l t  
( i n  w a t e r  and  i n  ammonia) i s  shown i n  t h e  f o l l o w i n g  T a b l e .  
T a b l e  15: P r o x i m a t e  a n a l y s i s  of sorghum g r a i n  and m a l t  
Chemical  Whole M a l t e d  Ma1 t e d  
c o m p o s i t i o n  f i  g r a i n  ( w a t e r )  (ammonia) 
M o i s t u r e  
Crude  p r o t e i n  
Crude  F i b r e  
F a t  
Ash 
C a r b o h y d r a t e  
(by  d i f f e r e n c e )  
S t a r c h  
Reducing s u g a r s  
The a u t h o r s  f e e l  t h a t  t h e  d e c r e a s e  i n  t h e  q u a n t i t y  
of p r o t e i n  a n d  s t a r c h  b u t  i n c r e a s e  i n  r e d u c i n g  s u g a r s  i n  t h e  
malted s a m p l e  i n d i c a t e ,  t h e  f o r m a t i o n  and development  
malt enzymes e v e n  i n  t h e  ammonia t r e a t e d  samples .  So 
ammonia t r e a t m e n t  had no e f f e c t  on t h e  f o r m a t i o n  o f  m a l t  
enzymes b u t  P reven ted  f o r m a t i o n  of  r o o t l e t s  and b c r o s p i r e s  
which minimized t h e  d r y  m a t t e r  l o s s  and i n c r e a s e d  m a l t  y i e l d .  
The e f f e c t  of m a l t i n g  on t h e  p r o t e i n  and f r e e  amino 
n i t r o g e n  compos i t ion  was s t u d i e d  by T a y l o r  (1983) .  I t  was 
r e p o r t e d  t h a t  when sorghum was mal ted  ( 7  d a y s )  much o f  t h e  
n i t r o g e n  i n  t h e  k e r n e l  was t r a n s f e r r e d  t o  t h e  r o o t s  and 
s h o o t s .  Examinat ion of Osborne p r o t e i n  f r a c t i o n  e x t r a c t e d  
f rom t h e  k e r n e l  r e v e a l e d  t h a t  t h e  p r o l a m i n e s  were t h e  m a j o r  
s o u r c e s  of t h e  n i t r o g e n  t r a n s f e r r e d .  E l e c t r o p h o r e t i c  p r o l a -  
min bands remained  unchanged d u r i n g  m a l t i n g  . This i n d i c a t e d  
t h a t  p r o l a m i n s  a r e  degraded d i r e c t l y  t o  s m a l l  p e p t i d e s  and 
amino a c i d s .  There  was a  g e n e r a l  d e c l i n e  i n  t h e  number of 
g l u t e l i n  p r o t e i n s  whereas some albumin p l u s  g l o b u l i n  p r o t e i n s  
i n c r e a s e d  i n  q u a n t i t y  w h i l e  o t h e r s  d e c r e a s e d .  In t h e  r o o t s  
and s h o o t s  t h e r e  was c o n s i d e r a b l e  i n c r e a s e  i n  both p r o t e i n  
n i t r o g e n  and non p r o t e i n  n i t r o g e n  a s  a  r e s u l t  of t r a n s l o c a t i o n  
of t h e  p r o d u c t s  of s t o r a g e  p r o t e i n  breakdown from t h e  k e r n e l ,  
I n c r e a s e d  l e v e l s  of a l l  e s s e n t i a l  aniino a c i d s  i n  t he  m a l t  was 
a l s o  o b s e r v e d .  
CHAPTER 111 
MATERIALS AND METHODS 
The s t u d y  was d e s i g n e d  t o  c o v e r  t h e  f o l l o w i n g  a s p e c t :  
a)  Chemica l  c o m p o s i t i o n ,  i n  v i t r o  d i g e s t i b i l i t y  and b i o -  
- -- 
a v a i l a b i l i t y  o f  w h o l e ,  t r a d i t i o n a l l y  and m e c h a n i c a l l y  
d e h u l l e d  sorghum g r a i n ,  
b) Chemica l  c o m p o s i t i o n  and  i n  v i t r o  d i g e s t i b i l i t y  of 
-- 
p r o d u c t s *  p r e p a r e d  f r o m  whole and d e h u l l e d  g r a i n  and  
C) B i o a v a i l a b i l i t y  of p r o t e i n  and e n e r g y  f rom t h e  p r o d u c t s  
p r e p a r e d  f rom whole and d e h u l l e d  g r a i n .  
The methodology  f o l l o w e d  f o r  t h e  s t u d y  i s  e l u c i d a t e d ,  
PROCUREMENT OF GRAIN 
Sorghum M35-1 v a r i e t y  was p r o c u r e d  i n  bulk f r o m  t h e  
A g r i c u l t u r a l  R e s e a r c h  S t a t i o n ,  Mohol, S h o l a p u r ,  S i a h a r a s h t r a ,  
I n d i a ,  
*The words  ' t r e a t e d t  and ' p r o d u c t '  a r e  u s e d  t o  r s f e r  t o  
s a m p l e s  o b t a i n e d  a f t e r  s e c o n d a r y  p r o c e s s i n g ,  a s  t h e  use 
of t h e  word  ' p r o c e s s i n g t  i s  m i s l e a d i n g  s i n c e  i t  may mean 
primary or s e c o n d a r y  p r o c e s s i n g ,  
PREPARATION OF THE SPJvlPLE 
The g r a i n  was c l e a n e d  and s i e v e d  t o  remove s m a l l ,  
s h r i v e l l e d ,  broken g r a i n s  and o t h e r  d e b r i s ,  The g r a i n  sample 
was s t o r e d  under  r e f r i g e r a t i o n  d u r i n g  t h e  r e s e a r c h  p e r i o d .  
3.3 PROCESSING OF GRAIN 
3.3.1 T r a d i t i o n a l  D e h u l l i n q  
Sorghum was d e h u l l e d  us ing  t h e  t r a d i t i o n a l  m o i s t u r e  
c o n d i t i o n i n g  method f o l l o w e d  i n  Andhra P r a d e s h  (Pushpamma and 
Chitternma Rao 1 9 8 1 ) .  The c l e a n e d  and s u n - d r i e d  g r a i n  was 
c o n d i t i o n e d  w i t h  wate r  (250 ml/kg) and pounded i n  a s t o n e  
~nol ta r  w i t h  wooden p e s t l e  f o r  4 minutes .  T h i s  was f o l l o w e d  by  
winnowing t o  remove t h e  husk .  The d e h u l l e d  g r a i n  was washed 
t h r e e  o r  f o u r  t i m e s  w i t h  w a t e r  t o  remove a l l  th?  husk and  l i g h t  
p a r t i c l e s ,  The g r a i n  was t h e n  sun-dr ied  and s t o r e d  i n  a  deep 
f r e e z e  t ill  t h e  t ime of  t h e  exper iment ,  
Flow c h a r t  of d e h u l l i n g  o f  sorghum by 
- 
w e t  a t t r i t i o n  method,  
Dry ing  
C l e a n i n g  
M o i s t u r e  c o n d i t i o n i n g  w i t h  w a t e r  
I (210-265 ml/kg)  
JI 
Pounding  w i t h  a  m o r t a r  and p e s t l e  
(4 m i n u t e s )  
Rubbing and winnowing 
5 
w a s h i n g  t h r e e  o r  f o u r  t i m e s  w i t h  l i b e r a l  
q u a n t i t i e s  o f  w a t e r  t o  remove a l l  t h e  
husk  and l i g h t  p a r t i c l e s  
Sun d r y i n g  
3a3.2 M e c h a n i c a l  D e h u l l i n g  
- 
The PRL ( p r a i r i e  R e g i o n a l  L a b o r a t o r y )  m i n i  d e h u l l e r  
( d e t a i l s  of t h e  d e h u l l e r  a n d  u s e  i s  g i v e n  i n  A p p ~ n d i x  
used for m e c h a n i c a l  d e h u l l i n g .  Ba tches  o f  3 kgs of  g r a  S 
d @ h u l l e d  a t  a  t i m e ,  f o r  v a r i o u s  t ime p e r i o d s  t o  s t a n d a  
t h e  t i m e  r e q u i r e d  f o r  d e h u l l i n g .  F i v e  m i n u t e s  was found t o  
be s u i t a b l e  a s  it removed most o f  t h e  b r a n .  The g r a i n  was 
winnowed t o  remove t h e  b r a n  and c l e a n  d e h u l l e d  g r a i n  was s t o r e d  
i n  t h e  d e e p  f r e e z e  till it was r e q u i r e d  f o r  t h e  e x p e r i m e n t .  
3.3.3 P r e p a r a t i o n  o f  Var ious  P r o d u c t s  f rom Whole and Dehulled 
Sorghum G r a i n  
V a r i o u s  p r o d u c t s  were prepared  from whole and d e h u l l e d  
g r a i n  by s u b j e c t i n g  i t  'to f u r t h e r  t r e a t m a  t s  l i k e ,  p a r c h i n g ,  
popping,  m a l t i n g ,  g e r m i n a t i n g ,  p a r b o i l i n g ,  * b o i l i n g ,  b a k i n g ,  
and f e r m e n t i n g .  (The d c l a i l s  o f  t h e  t r e d t m e n t s  and r e c i p i c s  
of t h e  sorghum p r o d u c t s  a r e  given i n  a p p e n d i x  11). 
The v a r i o u s  sorghum produc ts  u s e d  f o r  t h e  s t u d y  i s  
g i v e n  i n  t h e  T a b l e  1 6 .  
Table 16 :  The v a r i o u s  sorghum p r o d u c t s  u sed  i n  t h e  s t u d y  
--1__- 
G r a i n  p r o d u c t s  F l o u r  p r o d u c t s  
who le  d e h u l l e d *  who le  d e h u l l e d *  
I 
P a r c h e d  B o i l e d  R o t i  R o t i  
Popped Dosa Dosa 
P a r b o i l e d  I d 1  i Id1  i 
Ma1 t e d  B i s c u i t  B i s c u i t  
Germina t ed  
B o i l e d  
*Chemical  and b i o l o g i c a l  t e s t s  w i t h  m e c h a n i c a l l y  and t r a d i -  
t i o n a l l y  d e h u l l e d  sorghum f l o u r  was c a r r i e d  o u t  f i r s t .  
S i n c e  no s i g n i f i c a n t  d i f f e r e n c e  was o b s e r v e d  between t h e  two, 
f u r t h e r  p r o d u c t s  were p r e p a r e d  wi th  m e c h a n i c a l l y  d e h u l l e d  
g r a i n  and f l o u r ,  
Whole, t r a d i t i o n a l l y  d e h u l l e d  and  m e c h a n i c a l l y  
d e h u l l e d  g r a i n  were  m i l l e d  i n t o  a  f l o u r  i n  a  mechanized dome- 
s t i c  g r i n d e r  ( ~ i l c e n t  d o m e s t i c  e l e c t r i c  f l o u r  m i l l )  t o  a  
u n i f o r m  p a r t i c a l  s i z e  (30  mesh B r i t i s h  S t a n d a r d  S i e v e ) .  The 
t r e a t e d  g r a i n s  were d r i e d  i n  a hot  a i r  o v e n  a t  50'-55'~ f o r  
48 h o u r s  and ground t o  a f l o u r *  
CHEMICAL ANALYSIS 
Whole, d e h u l l e d  a n t  t r e a t e d  sorghum f l o u r  were 
s u b j e c t e d  6 t h e  f o l l o w i n g  chemica l  a n a l y s i s .  
1, Crude p r o t e i n ,  f a t ,  f i b r e ,  ash and m o i s t u r e  were 
e s t i m a t e d  accord ing  t o  t h e  s t a n d a r d  ACAC procedures  
(AGAC 1975) .  
2, T o t a l  S t a r c h ,  T h e  s t a r c h  was d i g e s t e d  w i t h  g lucoany lase  
(s igma)  and t h e  amount of g lucose  produced was d e t e r -  
mined by phenol  - s u l p h u r i c  ac id  r e a c t i o n  (Dubois e t  a 1  
1956); 
3, In v i t r o  d i g e s t i b i l i t y  of p r o t e i n  was assessed by p e p s i n  
r t  J, 
d i g e s t i b i l i t y  method ( ~ x t e 1 1 9 9 8 1 ) ?  
I n  v i t r o  d i g e s t i b i l i t y  o f  s t a r c h  was determined by 4 *  --
a-amylase  o on e t  a 1  1971): 
5,  Amino a c i d  composit ion was obta ined w i t h  Beckman a u t o m a t i c  
amino a c i d  a n a l y s e r  (model 1 1 9 ~ ~ ) ,  u s i n g  the  method of  
Moore and S t e i n  (1963) .  
*De ta i l ed  p rocedures  a r e  g iven  i n  Appendix - 111. 
BICLCGICAL STUDIES 
The NPU, and d i g e s t i b i l i t y  of whole  and p r o c e s s e d  
sbrghum was de te rmined  by r a t  f e e d i n g  t r i a l s ,  The procedure  
of M i l l e r  d e s c r i b e d  by P e l l e t t  and Young (1980) was f o l l o w e d ,  
3 ,5,1 D i e t  Composi t ion 
P r o c e s s e d  and grc,und sorghum g r a i n  were used i n  t h e  
p r e p a r a t i o n  of tlie d i e t .  E igh teen  e x p e r i m e n t a l  d i e t s  and one 
c o n t r o l  ( n o n - p r o t e i n )  d i e t  were t e s t e d  by r a t  f e e d i n g  t r i a l s ,  
All t h e  e x p e r i m e n t a l  d i e t s  were prepared  a t  8% p r o t e i n  
l e v e l  and were  i s o c a l o r i c  w i t h  c a l o r i f i c  v a l u e  rang ing  from 
3.9 ~ a l / g  t o  4 , l  ~ a l / g ,  The compos i t ion  o f  100 g of d i e t  was 
a s  f o l l o w s :  t e s t  sample f l o u r  weigh t  c a l c u l a t e d  t o  g i v e  8% 
p r o t e i n ,  g roundnut  o i l  10 g ,  4  g m i n e r a l  mix ture  and I g 
v i t a m i n  m i x t u r e  (NIN 1983), P o t a t o  s t a r c h  and s u c r o s e  were used 
t o  a d j u s t  t h e  c a l o r i e  v a l u e  of  t h e  d i e t ,  , 
The non p r o t e i n  d i e t  c o n t a i n i n g  l e s s  than O,l;r! 
n i t r o g e n  was prepared  a c c o r d i n g  t o  t h e  compos i t ion  s u g g e s t e d  
by P e l l e t t  and Young ( 1 9 8 0 )  
3.5.2 R a t  Feed ing  T r i a l s  
Exper imenta l  an imals  : R a t s  
Age : 23 days  
Sex:  Male t Female [ e q u a l  number] 
S t r a i n :  Wis t a r  
The e x p e r i m e n t a l  an imals  were procured  from I n d i a n  
Drugs and P h a r m a c e u t i c a l s  L imi ted  (IDPL) a t  23 days o f  age and 
i n t r o d u c e d  i n t o  t h e  e x p e r i m e n t a l  room. They were f e d  on s t o c k  
d i e t  f o r  one week, A t  t h e  end of one week the  r a t s  were d i v i d e d  
i n t o  g roups  of f o u r ,  each  hav ing  two male  and two f e m a l e s ,  and 
t h e  r a n g e  of  t h e  t o t a l  w e i g h t s  of g r o u p s  d i d  not  exceed  29. 
Each group  of r a t s  r e c e i v e d  one  o f  t h e  e x p e r i m e n t a l  
d i e t s  and one groups was f e d  o n  a  non-pro te in  d i e t .  Four  
r a t s  were  t r e a t e d  a s  a  g r o u p  and housed i n  a  s i n g l e  c a g e  with 
a  mesh bo t tom.  The cage  was p laced  on a metal  t r a y ,  and 
a r rangements  were made f o r  f e c a l  c t l l e c t i o n .  A l l  t e s t  d i e t s  
,were aj,:yed. i n  d u p l i c a t e  w i t h  a d i f f e r e n t  s e t  o f  r a t s  a t  
d i f f e r e n t  t i m e s .  
Food and water  was g iven  l i b i t u m .  The d r y  
powdered d i e t  was d i s p e n s e d  from weighed j a r s  i n d  p r e s s e d  
i n t o  c o n t a i n e r s  d e s l g n e d  t o  minimize s p i l l a g a .  F e c e s  were 
c o l l e c t e d  d a i l y  and s t o r e d  i n  a i r  b i g h t  c o n t a i n 2 r s  i n  tho 
deep f r e e z e  till t h e  t i m e  of  a n a l y s i s *  
At t h e  end of 10 days a n i m a l s  were  k i l l e d  w i t h  
c h l o r o f o r m  and i n c i s i o n s  were  made i n t o  t h e  s k u l l ,  t h o r a c i c  
and body c a v i t y  and d r i e d  i n  a  h o t  a i r  oven a t  1 0 5 ' ~  f o r  
48 h o u r s .  S p i l t  food and l e f t  o v e r  f o o d  was weighed and d r y  
f o o d  i n t a k e  was c a l c u l a t e d  by w e i g h t  l o s s  o f  t h e  food  j a r  
m u l t i p l i e d  by t h e  p e r c e n t  d r y  w e i g h t  o f  t h e  d i e t ,  minus t h c  
d r i e d  s p i l t  and u n e a t e n  food .  
3.5.3 Carcass ,  F e c a l  and Food A n a l y s i s  
1!,5.3.1 P r e p a r a t i o n  of t h e  Sample, The d r i e d  c a r c a s s  was 
ground  i n  a  d o m e s t i c  m i n c e r  and p r e s e r v e d  f o r  n i t r o g e n  d e t e r -  
m i n a t i o n .  The d r i e d  f e c a l  m a t t e r  was g r o u n d  t o  a f i n e  powder 
and used  f o r  n i t r o g e n  and e n c r g y  d e t e r m i n a t i o n ,  D r i e d  f o o d  
s a m p l e s  w e r e  s t o r e d  i n  c l o s e d  c o n t a i n e r s  f o r  n i t r o g e n  and 
e n e r g y  d e t e r m i n a t i o n .  
15.3.2 D e t e r m i n a t i o n  o f  N i t r o g e n  i n  C a r c a s s ,  Food and  
F e c a l  M a t t s ,  The n i t r o g e n  c o n t e n t  of t h e  c a r c a s s  was d e t e r -  
mined by m a c r o - d i g e s t i o n  w i t h  1 0  ml o f  c o n c e n t r a t e d  s u l p h u r i c  
a c i d  p e r  g ram o f  d r y  m a t t e r  p l u s  an e x t r a  10 m l  and 20 g of  
s e l e n i u m  o x i d e  and p o t a s s i u m  s u l p h a t e  ( c a t a l y t i c  m l x t u r e ) ,  
A t t e r  a p p r o p r i a t e  d i l u t i o n ,  t h e  ammonia w a s  de te rmined  b y  
T e c h n i c o n  a u t o  a n a l y z e r .  Food and f e c a l  n i t r o g e n  was a l s o  
d e t e r m i n e d  s i m i l a r l y  by T e c h n i c o n  a u t o  a n a l y z e r *  
13.5.3.3 Determina t ion  of  Food and F e c e l  Energy. The c a l o r i f i c  
v a l u e  of t h e  food and f e c a l  m a t t e r  was de te rmined  by u s i n g  an 
oxygen bomb c a l o r i m e t e r  ( P a r r  I n s t r u m e n t  Co) ,  
NPU, TD,  DE and DMD were c a l c u l a t e d  using t h e  fo l low-  
i n g  formulae ,  
B-BK + IK 
NPU = - ~ 1 0 0  
ID -FD 




Body n i t r o g e n  o f  e x p e r i m e n t a l  g roup .  
Body n i t r o g e n  o f  n o n - p r o t e i n  g r o u p  
N i t r o g e n  i n t a k e  of e x p e r i m e n t a l  g roup  
N i t r o g e n  i n t a k e  of non p r o t e i n  g r o u p  
F e c a l  n i t r o g e n  o f  e x p e r i m e n t a l  g r o u p  
F e c a l  n i t r o g e n  of  n o n p r o t e i n  g r o u p  
Energy  i n t a k e  o f  e x p e r i m e n t a l  g r o u p  
Dry m a t t e r  i n t a k e  of e x p e r i m e n t a l  g rcup  
F e c a l  e n e r g y  c o n t e n t  
F e c a l  d r y  m a t t e r  c o n t e n t  
STATISTICAL ANALYSIS 
The d a t a  was s u b j e c t e d  t o  one way a n a l y s i s  of  v a r i a n c e .  
L e a s t  s i g n i f i c a n t  d i f f e r e n c e ( L S D )  was c a l c u l a t e d  f rom s t a n d a r d  
e r r o r  of means.  LSD was used t o  t e s t  d i f f e r e n c ~ s  b e t w e e n  a l l  
t h e  p a i r s  of means.  A l l  p a r a m e t e r s  w e r e  t e s t e d  f o r  c o r r e l a -  
t i o n  ( S n e d e c o r  and Cochran  1967).  
CHAPTER I V  
RESULTS 
The r e s u l t s  of t h i s  s t u d y  h a v e  been p r e s e n t e d  i n  
t h r e e  s e c t i o n s .  
1) P r o x i m a t e  and  anlino a c i d  c o m p o s i t i o n  
2)  In v i t r o  d i g e s t i b i l i t y  s t u d i e s  a n d  
3)  B i o a v a i l a b i l i t y  s t u d i e s .  
4 . 1  PRQXIMATE AND AMINO ACID COMPCGITION 
The r e s u l t s  o f  p r o x i m a t e  a n a l y s i s  a n d  amino a c i d  
c o m p o s i t i o n  o f  w h o l e ,  d e h u l l e d  sorghum a n d  p r o d u c t s  p r e p a r e d  
t h e r e o f  a r e  r e p o r t e d  i n  t h i s  s e c t i o n .  
The p r o x i m a t e  c o m p o s i t i o n  o f  w h o l e ,  t r a d i t i o n a l l y  
d e h u l l e d  a n d  m e c h a n i c a l l y  d e h u l l e d  s o r g h u m  f l o u r  i s  g i v e n  
i n  T a b l e  17, 
Table 17: Proximste  compos i t ion  o f  whole and 
d e h u l l e d  sorghum f l o u r  
w~~~~ T r a d i t i o n a l l y  M e c h a n i c a l l y  LSDo5 
Dehul led  Dehulled 
' f i?ld ($1 100 87.2 90.4 
P r o t e i n  (%) 11.1 1 0 . 8 (  9 .4)  10.9( 9.9) 0.31 
F i t  ($) 3.5 2.5( 2 . 2 )  2.9( 2 .6)  0.22 
Ash ($) 1 . 3  0.9( 0.8) 2  1 .1 )  0.12 
Crude 
F i b r e  ( ; A )  2.0 1.2( 1.1)  l . o ( O . 9 )  0.25 
LSD L e a s t  s i g n i f i c a n t  d i f f e r e n c e  a t  5% l e v e l .  
F i g u r e s  i n  p a r a n t h e s i s  i n d i  ca t e  p r o p o r t i o n  of  the  
Proximates  i n  terms of t h e  whole g r a i n .  
On d e h u l l i n g ,  b o t h  t r a d i t i o n a l l y  and m e c h a n i c a l l y ,  
t h e  f a t ,  a s h ,  f i b r e  c o n t e n t  d e c r e a s e d  s i g n i f i c a n t l y  ( ~ < 0 . 0 5 )  
when compared t o  whole g r a i n .  In a d d i t i o n ,  t h e  d e c r e a s e  i n  
f a t  and a s h  c o n t e n t  i n  t r a d i t i o n a l l y  d e h u l l e d  g r a i n  was more# 
The s t a r c h  i n  t r a d i t i o n a l l y  and r n s c h a n i c a l l  y  d e h u l l e d  g r a i n  
showed a  s i g n i f i c a n t  i n c r e a s e  when compared t o  whole g r a i n .  
The compos i t ion  o f  t r a d i t i o n a l l y  d e h u l l d  and m e c h a n i ~  
call)' d e h u l l e d  g r a i n  w e r e  s i m i l a r  e x c e p t  t h a t  ir! t r a d i  t i a n a l l y  
d e h u l l e d  g r a i n  t h e  ash  and f a t  c o n t e n t s  were s i g n i f i c a n t l y  
lower (P(0.05) when compared t o  n e c h a n i c a l l y  dehul led  gragn. 
The p r o t e i n  and s t a r c h  c o n t e n t s  were  n o t  a f f e c t e d  s i g n i f i -  
c a n t l y  on d e h u l l i n g ,  whet-, v a l u e s  w e r e  e x p r e s s e d  i n  terms of 
p e r c e n t  o f  y i e l d .  B u t  when t h e  s t a r c h  and p r o t e i n  c o n t e n t s  
were e x p r e s s e d  a s  p e r c e n t  o f  t h e  bhole  g r a i n ,  i t  w a s  observed 
t h a t  there  w e r e  d i f f e r e n c e s  between m e c h a n i c a l l y  and  t r a d i -  
t i o n a l l y  dehulled g r a i n ,  Both p r o t e i n  and s t a r c h  l e v e l s  
were  t h e n  s i g n i f i c a n t l y  h i g h e r  i n  t h e  m e c h a n i c a l l y  d e h u l l e d  
g r a i n ,  . 
The p rox imate  a n a l y s i s  of  sorghum f l o u r  and t h e  
v a r i o u s  p r o d u c t s  i s  g i v e n  i n  Table  18. 

S u b j e c t i n g  who le  and d e h u l l e d  g r a i n  t o  v a r i o u s  t r e a t -  
ments a p p e a r e d  t o  a f f e c t  t h e  p r o x i m a t e  c o m p o s i t i o n  of  t h e  
p r o d u c t .  P r o t e i n  d e c r e a s e d  (~<0 .05 )  i n  m o s t  c a s e s  e x c e p t  on 
g e r m i n a t i o n  where t h e r e  was a  s l i g h t  i n c r e a s e  b u t  i t  was n o t  
s i g n i f i c a n t .  F a t  c o n t e n t  d e c r e a s e d  i n  m o s t  c a s e s  ( e x c e p t  
b i s c u i t  and dosa where  exogenous  f a t  was u s e d  i n  p r e p a r a t i o n  
o f  t h e  p r o d u c t ) .  F i b r e  c o n t e n t  of whole  g r a i n  p r o d u c t s  
d e c r e a s e d  s i g n i f i c a n t l y  on parch in^, m a l t i n g ,  p a r b o i l i n g ,  
b a k i n g  ( b i s c u i t )  and f e r m e n t i n g  ( d o s a  and  i d l i ) ,  when compared 
- -
t o  whole g r a i n .  The d e h u l l e d  g r a i n  p r o d u c t  d i d  n o t  show a n y  
s i g n i f i c a n t  change  i n  f i b r e  c o n t e n t  when compared t o  t h e  
u n t r e a t e d  d e h u l l e d  g r a i n .  Dehu l l ed  g r a i n  p r o d u c t s  had s  i g n i -  
f i c a n t l y  l o w e r  f i b r e  l e v e l s  when compared t o  wholc g r a i n  
p r o d u c t s  . 
S t a r c h  c o n t e n t  of  w h o l e  g r a i n  p r o d u c t s  d e c r e a s e d  
s i g n i f i c a n t l y ,  when compared t o  wholc g r a i n ,  w i t h  f e r m e n t e d  
p r o d u c t s  h a v i n g  t h e  l o w e s t  s t a r c h  c o n t e n t .  Dehulled p r o d u c t s  
a l s o  had s i g n i f i c a n t l y  (~<0.05) lower  l e v e l s  of  s t a r c h  when 
compared t o  u n t r e a t e d  d e h u l l e d  g r a i n .  
The s t a r c h  con t e n t  o f  d e h u l l c d  g r a i n  p roouc t s  w e r e  
s i g n i f i c a n t l y  h i g h e r  t h a n  w h o l e  g r a i n  p r o d u c t s .  However,  t h e  
s t a r c h  c o n t e n t  was n o t  s i g n i f i c a n t l y  (~>0.05) h i g h e r  
i n  dosa and b i s c u i t s  p r e p a r e d  f rom d e h u l l e d  g r a i n  a s  compared  
t o  t h o s e  p r e p a r e d  from w h o l e  g r a i n  D i f f e r e n c e s  In  s t a r c h  
c o n t e n t  between t r e a t m e n t s  were a l s o  o b s e r v e d ,  fermented 
p r o d u c t s  and b i s c u i t s  had  t h e  l o w e s t  v a l u e s .  P o ~ p e d  g r a i n  and 
r o t i  p r e p a r e d  from whole g r a i n  a l s o  had s i g i f i c a n t l y  lower  
-
s t a r c h  c o n t e n t .  
Amino a c i d  compos i t ion  of whole and d e h u l l e d  sorghum 
i s  g i v e n  i n  Table 1 9 .  
Table  19: Amino a c i d  compos i t ion  (g/100 g  p r o t e i n )  of whole,  
t r a d i t i o n a l l y  and mechanica l ly  dehu l l ed  
sorghum g r a i n  
Who1 e T r a d i t i o n a l l y  Mechanical ly  d e h u l l e d  d e h u l l e d  
Lys i n e  2.43 1.92 2.03 
His  t i d i n e  2.59 1.89 2.38 
Arg in ine  3.76 3.39 3.61 
A s p a r t i c  a c i d  7.41 6.61 7 .13  
Threonine 
S e r i n e  
G l u t a n ~ i c  a c i d  
P r o l i n e  
Glyc ine  
Alan ine  
Half c y s t i n e  
V a l i n e  
Methionine 
I s o l e u c i n e  
Leuc ine  
Ty ros ine  4.45 4.57 4 .46  
Pheny la l an ine  5.23 5.40 5.29 
The amino a c i d  c o m p o s i t i o n  was n o t  a l t e r e d  t o  a  g r e a t  
e x t e n t ,  e x c e p t  l y s i n e  which on d e h u l l i n y , d e c r e a s e d  by 21% i n  
t r a d i t i o n a l l y  d e h u l l e d  and  by 16.5% i n  m e c h a n i c a l l y  d e h u l l e d  
samples  when compared v a t h e  l y s i n e  l e v e l  i n  whole g r a i n  s a m p l e ,  
The d i f f e r e n c e  between t h e  l y s i n e  c o n t e n t  i n  t r a d i t i o n a l l y  
d e h u l l e d  and m e c h a n i c a l l y  d e h u l l e d  g r a i n  was 5%. There  was a  
5b d e c r e a s e  i n  m e t h i o n i n e  and  c y s t i n e  v a l u e  i n  t h e  mechani-  
c a l l y  d e h u l l e d  g r a i n  w h e r e a s  t h e  l e v e l  i n  t r a d i t i o n a l l y  
d e h u l l e d  g r a i n  was n o t  a f f e c t e d .  T h r e o n i n e  va lues  w e r e  n o t  
a f f e c t e d  t o  a  g r e a t  e x t e n t .  
Amino a c i d  c o m p o s i t i o n  of sorghum produc t s  a r e  g i v e n  
i n  T a b l e  20. 


IN VITRO DIGESTIBILI'IY STUDIES 
-- 
The r e s u l t s  of in v i t r o  p r o t e i n  and & V J E  s t a r c h  
d i g e s t i b i l i t y  of whole,  d e h u l l e d  g r a i n  and sorghum produc t s  
a r e  r e p o r t e d  i n  t h i s  s e c t i o n .  
I n  v i t r o  d i g e s t i b i l i t y  of  s t a r c h  and p r o t e i n  o f  whole 
-- 
and d e h u l l e d  sorghum g r a i n  i s  g iven i n  T a b l e  21. 
Table  21; In v i t r o  d i g e s t i b i l i t y  of s t a r c h  and p r o t e i n  i n  
m e ,  t r a d i t i o n a l l y  and mechan ica l ly  
d e h u l l e d  sorghum g r a i n  
S t a r c h  P r o t e i n  ' 
d i g e s t i b i l i t y  d i g e s t i b i l i t y  
$ % 
Whole 11.2 73.0 
T r a d i t i o n a l l y  d e h u l l e d  18.3 63.8 
Mechanica l ly  d e h u l l e d  20.5 78.9 
LSDOS 4.35 5.92 
LSDm - L e a s t  s i g n i f i c a n t  d i f f e r e n c e  a t  5% l e v e l  
The i n  v i t r o  s t a r c h  c i g e s t i b i l i t y  showed 3 s i g n i f i c a n t  
(~<0.(35) i n c r e a s e  on d e h u l l i n g  when compared t c  \thole g r a i n .  
Though mechan ica l ly  d e h u l l e d  g r a i n  f l o u r  had  a  h i ~ h e r  s t a r c h  
, '*-. 
d i g e s t i b i l i t y  compared t o  t r a d i t i o n a l l y  d e h u l l e d   he i-ase 
here was n o t  s i g n i f i c a n t  (P>0.05). 
Mechanical and t r a d i t i o n a l  d e h u l l i n y  r e s u l t e d  i n  an 
i n c r e a s e  in v i t r o  p r o t e i n  d i g e s t i b i l i t y .  The t r a d i t i o n a l l y  
dehu l l ed  g r a i n  f l o u r  had a  h ighe r  d i g e s t i b i l i t y  va lue  when 
compared t o  mechan ica l l y  d e h u l l e d  b u t  t h e  i n c r e a s e  was n o t  
s i g n i f i c a n t .  
In v i t r o  s t a r c h  and p r o t e i n  d i g e s t i b i l i t y  of  sorghu~n 
-- 
produc t s  i s  g iven  i n  Table  22. 
Table  22: The &I v i t r o  d i g e s t i b i l i t y  o f  whole and d e h u l l e d  
sorghum g r a i n  and t h e i r  p roduc ts  
S t a r c h  d i g e s t i b i l i t y  f i  P r o t e i n  d i g e s t i b i l i t y  % 
-- 
W D W D 





P a r b o i l e d  
Boi led  
R o t i  
B i s c u i t  
Dos a  
I d l i  
LSDDS 
W - Whole D - Mechanica l ly  d e b u l l e d .  
LSDOj - Leas t  s i g n i f i c a n t  d i f f e r e n c e  a t  5% l e v e l ,  
A s i g n i f i c a n t  i n c r e a s e  i n  s t a r c h  d i g e s t i b i l i t y  was 
observed  when whole and d e h u l l e d  g r a i n  f l o u r  was s c b j e c t e d  
t o  v a r i o u s  t r e a t m e n t s .  D i g e s t i b i l i t y  d i f f e r e n c e s  were a 1  
observed  aRoong p r o d u c t s  s t u d i e d .  Highest  d i g e s t i b f  l i t y  
Were observed f o r  fermented produc ts .  Popped sorghum a  
a v e r y  h i g h  s t a r c h  d i g e s t i b i l i t y  v a l u e .  B o i l e d ,  germina ted  
and mal ted  sorghum had l o w e s t  s t a r c h  d i g e s t i b i l i t y  v a l u e s ,  
In  v i t r o  p r o t e i n  d i g e s t i b i l i t y  v a l u e s  d e c r e a s e d  
-- 
s i g n i f i c a n t l y  i n  most c a s e s  when whole and d e h u l l e d  f l o u r  
were s u b j e c t e d  t o  v a r i o u s  t r e a t m e n t s .  M a l t i n g  and g e r m i n a t i n g  
i n c r e a s e d  t h e  d i g e s t i b i l i t y  s i g n i f i c a n t l y  (~(0.05). I d l i  
-
( fe rmented  and steamed p r o d u c t )  p r e p a r e d  from whole and d e h u l l e d  
g r a i n  had d i g e s t i b i l i t y  v a l u e s  s i m i l a r  t o  u n t r e a t e d  f l o u r .  
BIOAVAIL AB IL ITY STUDIES 
I n  t h i s  s e c t i o n  t h e  r e s u l t s  of t h e  b i o a v a i l a b i l i t y  
s t u d i e s  a r e  p r e s e n t e d ,  
4.3.1 Weight Gain ,  N i t r o g e n  A b s o r p t i o n ,  D i g e s t i b i l i t y  C o e f f i c i e n t s  
and NPU of  Whole and D e h u l l e d  Sorghum 
Weight g a i n ,  n i t r o g e n  i n t a k e  and n i t r o g e n  a b s o r p t i o n  i n  
r a t s  f e d  whole  and d e h u l l e d  sorghum f l o u r  dur ing  t h e  e x p e r i -  
n e n t a l  p e r i o d  i s  r e p o r t e d  i n  Table 23. 
T a b l e  23: Weight g a i n ,  n i t r o g e n  i n t a k e  and a b s o r p t i o n  i n  
r a t s  f e d  whole and d e h u l l e d  sorghum 
' Weight 
g a i n l r a t  
i n  10 d a y s  
( 9  
N i t r o g e n  
i n t a k e l r a t  
i n  10 days  
(mg) 
Ni t rogen  
absorbed 
(mg) 
N i t r o g e n  
abso rbed  
(%)  
Whole 5.4 668 555 83.1  
T r a d i t i o n a l l y  
Dehul led  2 9 
Mechan ica l ly  
Dehul led  
LSDm - L e a s t  s i g n i f i c a n t  d i f f e r e n c e  a t  5% l e v e l  
The w e i g h t  g a i n  was h i g h e s t  among t h e  r a t s  f ed  whole  
sorghum d i e t  and n i t r o g e n  a b s o r b e d  was 83%. Ra t s  f ed  d e h u l l e d  
g r a i n  d i e t s  showed l e s s e r  w e i g h t  g a i n ,  and r a t s  on t r a d i t i o n a l l y  
d e h u l l e d  g r a i n  d i e t  had t h e  l o w e s t  we igh t  g a i n .  The  p e r c e n t  
n i t r o g e n  a b s o r p t i o n  was h i g h e s t  i n  t h e  mechan ica l ly  d e h u l l e d  
g r a i n  d i e t  (88.4%).  
Net  p r o t e i n  u t i l i z a t i o n  (NPU) , t r u e  p ro  t e i ! ~  d i g e s t i b i l i t y  
(TD) ,  d i g e s t i b l e  energy ( D E )  , and dry m a t t e r  d i g e s t i b i l i t y  (Dh!)), 
were c a l c u l a t e d  from r a t  f e e d i n g  t r i a l s  u s i n g  whols and 
dehulled sorghum f l o u r  and t h e  r e s u l t s  a r e  p re sen t2d  i n  Table 24. 
Table  24: NPU and d i g e s t i b i l i t y  c o e f f i c i e n t s  of whole and 
d e h u l l e d  sorghum g r a i n  f l o u r  a s  determined 
by r a t  f e e d i n g  t r i a l s .  
NPU TD DE DMD 
Whole 54.1 92.0  91.8 91.9 
T r a d i t i o n a l l y  d e h u l l e d  45,4 
sorghum f l o u r  95.6 94.7 94.1 
Mechan ica l ly  d e h u l l e d  
sorghum f l o u r  47.1 97.4 94.3 94.8 
LSDo5 - L e a s t  s i g n i f i c a n t  d i f f e r e n c e  a t  5g l e v e l .  
On d e h u l l i n g  t h e  NPU decreased  s i g n i f i c a n t l y  ( P ( O . 0 5 ) .  
There  was no s i g n i f i c a n t  d i f f e r e n c e  between t h e  NPU v a l u e s  of 
t r a d i t i o n a l l y  and m e c h a n i c a l l y  d e h u l l e d  f l o u r ,  
Mechanical  d e h u l l i n g  i n c r e a s e d  TD s i g n i f i c a n t l y ,  t r a d i -  
t i o n a l  d e h u l l i n g  a l s o  r e s u l t e d  i n  an i n c r e a s e  i n  d i g e s t i b i l i t y  
though n o t  s i g n i f i c a n t l y .  T h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  
i n  TD v a l u e s  between t h e  d e h u l l i n g  methods. 
DE and DM0 i n c r e a s e d  s i g n i f i c a n t l y  (p<O.B)  on d e h u l l i l y  
b u t  no s i g n i f i c a n t  d i f f e r e n c e  was observed betweec d e h u l l l n g  
- methods, 
~~3.2 W e i g h t  G a i n ,  N i t r o g e n  A b s o r p t i o n ,  D i g e s t i b i l i t y  C o e f f i c i e n t s  
and  NPU of P r o c e s s e d  Sorghum P r o d u c t s  
Weight  g a i n ,  n i t r o g e n  i n t a k e  and a b s o r p t i o n  i n  r a t s  
f e d  sorghum p r o d u c t s  p r e p a r e d  f r o m  whole  and d e h u l l e d  g r a i n  
i s  g i v e n  i n  T a b l e  25, 
Table 25: Weight g a i n  n i t r o g e n  i n t a k e  and abso rp t i on  i n  
r a t d f e d  p r o d u c t s  p r epa red  from whole 
and d e h u l l e d  sorghum g r a i n  
g a i n  r a t  N i t rogen  N i t rogen  Nitrogen 
i n  10 days i n t a k e  absorbed  absorbed 
( Q) (mg (ms 





P a r b o i l e d  
B o i l e d  
R o t i  
B i s c u i t  
Dosa 
I d l i  
LSDCb 
W - Whole 
D - Mechan ica l l y  dehu l l ed  
LSDOS - L e a s t  s i g n i f i c a n t  d i f f e r e ~ c e  a t  5% l e v e l .  
Weight ga in .  Ra ts  f e d  b i s c u i t  l o s t  weight  and l o s s  of 
weight  was more i n  t h e  r a t s  f e d  b i s c u i t s  prepared from d e h u l l e d  
gra in .  R a t s  f e d  & p r e p a r e d  from d e h u l l e d  g r a i n  a l s o  l o s t  
weight,  Among t h e  o t h e r  d i e t s  r a t s  showed g a i n  i n  weight  from 
1.4 (popped sorghum) t o  6.1 g (germinated sorghum and & 
prepared from whole g r a i n )  i n  1 0  days of exper imenta l  per iod .  
4.3.2.2 Nitrogen I n t a k e .  The n i t r o g e n  i n t a k e  of  r a t s  v a r i e d  
c o n s i d e r a b l y  among t h e  d i f f e r e n t  d i e t s ,  The n i t rogen  i n t a k e  
of r a t s  on b i s c u i t  and ( b o t h  p r e p a r e d  from dehul led  f l o u r ) ,  
was s i g n i f i c a n t l y  lower  t h a n  t h e  o t h e r  g roups .  
11.3.2.3 Nit rogen  a b s o r p t i o n .  -- Nitrogen was most e f f i c i e n t l y  
absorbed by u n t r e a t e d  mechanica l ly  d e h u l l e d  f l o u r  which was 
s i g n i f i c a n t l y  h i g h e r  t h a n  u n t r e a t e d  whole g r a i n  f l o u r  (~<0,05), 
Among whole g r a i n  p r o d u c t s ,  d e c r e a s e  i n  t h e  n i t rogen  absorp-  ' 
t i o n  was s i g n i f i c a n t  i n  popped, p a r b o i l e d ,  b o i l d ,  baked 
( b i s c u i t )  and fe rmented  (a) produc ts  when compared t o  whole 
g r a i n  f l o u r .  A l l  sorgtlum p r o d u c t s  showed a decrease  i n  n i t r o g a n  
a b s o r p t i o n  and t h e  d e c r e a s e  was s i g n i f i c a n t  i n  a l l  p r o d u c t s  
p repared  w i t h  d e h u l l e d  g r a i n  when compared t o  dehul led  g r a i n  
f l o u r ,  A l l  d e h u l l e d  p r o d u c t s  had a  h i g h e r  n i t rogen  a b s o r p t i o n  
when compared t o  t h e  same p r o d u c t  p r e p a r e d  from pihole g r a i n  
b u t  t h e  i n c r e a s e  was n o t  s i g n i f i c a n t  e x c e p t  i n  the c a s e  o f  
b o i l e d  sorghum where t h e  i n c r e a s e  was s i g n i f i c a n t  (~(0.05). 
NPU, TD, DE,  DMD values of sorghum products a re  given 
in Table 26* 
Table 26: NPU and d i g e s t i b i l i t y  coeff ic ien  t s  o f  processed 
sorghum products  as determined 
by r a t  feeding t r i a l s .  









B i s c u i t  
Dosa 50.4 31.6 87.5 89.1 91.6 91.9 91.3 92.0 
I d l i  58.3 42.7 86 .3  89.7 90.5 93.7 90.8 93.6 
W - whole 
D - mechanically dehulled 
LSDCb - Least s i g n i f i c a n t  d i f f e r e n c e  a t  5% l e v e l  
!3,2.4 Net P r o t e i n  U t i l i z a t i o n .  S u b j e c t i n g  whole and d e h u l l e d  
g r a i n  and f l o u r  t o  v a r i o u s  t r e a t m e n t s  r e s u l t e d  i n  a  g e n e r a l  
lower ing  of  NPU v a l u e s  ( f i g u r e s  1-4) e x c e p t  i n  c a s e  of germi- 
n a t i o n  and f e r m e n t a t i o n ' w h e r e  t h e  v a l u e s  i n c r e a s e d  though no t  
s i g n i f i c a n t l y  (P>0,05) ,  
k.3.2.5 True P r o t e i n  D i g e s t i b i l i t y .  True p r o t e i n  d i g e s t i b i l i t y  
d e c r e a s e d  i n  a l l  t r e a t e d  g r a i n s  and p r o d u c t s  when compared t o  
u n t r e a t e d  f l o u r  b u t  t h e  d e c r e a s e  was s i g n i f i c a n t  only i n  popp- 
i n g ,  p a r  b o i l i n g ,  b o i l i n g ,  bak ing  ( b i s c u i t )  and f e r m e n t a t i o n ,  
In  o t h e r  t r e a t m e n t s  t h e  d e c r e a s e  was n o t  s i g n i f i c a n t ,  Dehulled 
g r a i n  p r o d u c t s  had s l i g h t l y  h i g h e r  v a l u e s  f o r  TD when compared 
w i t h  whole g r a i n  p r o d u c t s  though t h e  i n c r e a s e  was no t  s i g n i f i -  
c a n t , ( ~ ) 0 . 0 5 )  e x c e p t  i n  t h e  c a s e  of  b o i l i n g  where a s i g n i f i c a n t  
(P(0.05) d i f f e r e n c e  was o b s e r v e d  between whole and d e h u l l e d  
produc t  ( f i g u r e s  5-8). 
D i g e s t i b l e  Energy. D i g e s t i b l e  e n e r g y  increased  s i g n i -  
f i c a n t l y  (~(0.05) on p a r c h i n g ,  m a l t i n g  and i n  open pan bak ing  
r o t i )  and d e c r e a s e d  on , . . (- b o i l i n g .  The r e s t  o f  t h e  
t r e a t m e n t s  d i d  n o t  a f f e c t  t h e  DE v a l u e s ,  Dehulled g r a i n  
p r o d u c t s ,  b o i l e d ,  b i s c u i t  and fi ( f e r m e n t e d )  had s i g n i f i c a n t l y  
h i g h e r  DE v a l u e s  when compared t o  t h e  same produc ts  p r e p a r e d  
f rom whole g r a i n  f l o u r ,  
Dry M a t t e r  D i g e s t i b i l i t y .  Dry m a t t e r  d i g e s t i b i l i t y  
- 
d e c r e a s e d  on  popping  and  f e r m e n t i n g  (e). D e h u l l e d  g r a i n  
p r o d u c t s  ( b o i l e d ,  baked  and f e r m e n t e d  - a) showed s i g n i f i s  
c a n t l y  (9<0.05) h i g h e r  DMD va lues when compared t o  p r o d u c t s  
p r e p a r e d  f r o m  whole  g r a i n .  
K E Y  
A - Wholr g r a ~ n  
8 - l r n d , i , o n o ~ i y  aahulled f ro ,n  
C Ut~hun~cOll . (  denullrd groin 
F~gure l NPU o f  whole and dehulied grain 
[~xpressed as o f  whole gram] 
Figure! f s ,  of whole grain r:.;-.rn products 
: c \ > r e ~ s e d  as o\O o f  6": ; ~ r a ~ n ]  
F~gure 3 NPU of dehulledsorghum grain products 
[expressed as o\O of dehulled grain] 
Figure L NPU of whole and dohulled 5:-;hum products 
[expressed as o\O of whole scr;"*m gra ln j  
A B C  
F~gure  5 .  70  of whole and dehulled graln 
kxpressed as o\O o f  whole gra~n]  
Figure 5 f O  of whole sorghwm gram producfs 
[expressed aso\' o f  whole gram] 
F ~ g u r e  7 T O  o f  dehulled sorghum groin products. 
[exepressed as a\o of dehulled grain flour]. 
Flguro 0 T O  o f  whole and dehulled s:.ghum products  
[ Q X ~ ~ P S S D ~  as of whole 5 - 3  cJ 
CHAPTER V 
DISCUSS ION AND CCNCLUS ION 
The sorghum v a r i e t y  used i n  t h i s  s t u d y  M35-1 ( ~ a l d a n d i )  ' 
i s  grown i n  t h e  p o s t  r a i n y  s e a s o n  and t h e  g r a i n  matures  i n  125- 
1 3 0  days (ICAR 1980) .  The k e r n e l s  o f  sorghum M35-1 a r e  l a r g e ,  
w i t h  a  t h i n  w h i t e  p e r i c a r p  and an i n t e r m e d i a t e  endospernl t e x t u r e .  
The c h a r a c t e r i s t i c  s i z e ,  s h a p e  a r ~ d  l u s  Lrc o f  M a l d ~ n d i  g r ~ i n  
s e t s  t h e  s t a n d a r d  f o r  sorghum q u a l i t y  i n  I n d i a  and i t  a l s o  
c o s t s  t h e  most i n  t h e  g r a i n  marke t  (Rooney and Murthy 1 9 8 2 ) .  
Sorghum M35-1 i s  t h e  most commonly p r e p a r e d  c u l t i v a r  f o r  roti 
/ 
(un leavened  b r e a d )  i n  I n d i a  ( ~ o o n c y  and Murthy 1982), 
5.1 P r o x i m s t e  Compos i t ion  
,1.I Whole and Dehul led  Gra in  
The p r o x i m a t e  c o m p o s i t i o n  of t h e  g r a i n  under s t u d y  was 
w e l l  w i t h i n  t h e  r a n g e  of  v a l u e s  r e p o r t e d  b y  s e v e r a l  a u t h o r s .  
Sorghum d e h u l l e d  t r a d i t i o n a l l y  and m e c h ~ n i c a l l y  showed 
d i f f e r e n c e s  i n  chemica l  c o m p o s i t i o n ,  The d e h u l l e d  g r a i n  f l o u r  
had s i g n i f i c a n t l y  lower f a t  and f i b r e  c o n t e n t  when compared t o  
whole  g r a i n  f l o u r ,  The p r o t e i n  and s t a r c h  c o n t e n t s  i n  b o t h  
t h e  d e h u l l e d  g r a i n s  were s i m i l a r  when v a l u e s  were z x p r e s s e d  a s  
p e r c e n t  y i e l d  o f  t h e  d e h u l l e d  g r a i n ,  bu t  when p r o t e i n  a n d  
84 
s t a r c h  c o n t e n t s  were e x p r e s s e d  a s  p e r c e n t  of  whole g r a i n  t h e  
c o n t e n t  of t h e s e  two n u t r i e n t s  i n  t h e  m e c h a n i c a l l y  d e h u l l e d  
g r a i n  were s i g n i f i c a n t l y  h i g h e r  than  t h e  t r a d i t i o n a l l y  d e h u l l e d  
g r a i n ,  The a s h ,  f a t  and f i b r e  l e v e l s  d i d  n o t  d i s p l a y  succh a  
change when e x p r e s s e d  i n  terms of t h e  whole  g r a i n .  
Some d i f f e r e n c e  i n  chemical  c o m p o s i t i o n  was a l s o  
obse rved  between t r a d i t i o n a l  and mechan ica l  d e h u l l i n g .  Ash 
and f a t  c o n t e n t s  were  s i g n i f  i c  a n t 1  y  lower  i n  t r a d i t i o n a l l y  
d e h u l l e d  g r a i n  t h a n  i n  m e c h a n i c a l l y  d e k u l l e d .  Germ has t h e  
h i g h e s t  p e r c e n t a g e  o f  a s h  and o i l  c o n t e n t  (Hubbard g 1950, 
R i e c h e r t  and Youngs 1977) .  It i s  p o s s i b l e  t h a t  more of t h e  
germ was removed i n  t h e  t r a d i t i o n a l  d e h u l l i n g  than i n  mechani- 
c a l  d e h u l l i n g  sys t em.  T h i s  migh t  r e s u l t  i n  a  dec rease  i n  a s h  
and f a t  i n  t h e  t r a d i t i o n a l l y  d e h u l l e d  g r a i n .  
Fa r i e r  & & (1972)  and R i e c h e r t  and Youngs (1977)  have 
compared t h e  c h e m i c a l  c o m p o s i t i o n  of m e c h a n i c a l l y  and t r a d i -  
t i o n a l l y  d e h u l l e d  f l o u r .  F a r i e r  e t  a 1  ( 1 9 7 2 )  found t h e  chemi- 
c a l  composi t ion  of m e c h a n i c a l l y  and t r a d i t i o n a l l y  d e h u l l e d  
f l o u r  a l m o s t  i d e n t i c a l  e x c e p t  f o r  a  11.5% d e c r e a s e  i n  p r o t e i n  
c o n t e n t  on mechan ica l  d e h u l l i n g .  R i e c h e r t  and Youngs (1977)  
have  r e p o r t e d  t h a t  t r a d i t i o n a l l y  and m e c h a n i c a l l y  d a h u l l e d  
g r a i n s  d i d  n o t  d i f f e r  markedly  i n  t h e i r  p r o t e i n  con ten t  b 
a s h  and o i l  c o n t e n t s  were h i g h e r  i n  t r a d i t i o n a l l y  dahul 
grain flour, 
Almost i d e n t i c a l  v a l u e s  f o r  chemical  composit ion 
( excep t  f o r  f a t  and a s h )  of hand d e c o r t i c a t e d ,  mechanical ly  
d e h u l l e d  (Munck e t  a 1  1982)  and t r a d i t i o n a l l y  dehu l l ed  
(Eggum e t  a 1  1982)  Lulu  D ,  a v a r i e t y  of sorghum has been r e p o r t e d  
a s  shown below, 
Tab le  27: Proximate  ccmpos i t ion  o f  one v a r i e t y  of sorghum 
(Lu lu  D )  by hand d e c o r t i c a t i o n ,  mechanical  
d e h u l l i n g  and t r a d i t i o n a l  dehu l l ing  
$ dry lll,Il.l<\?l- 
S t a r c h  F i b r e  F a t  Ash P r o t e i n  
Hand d e c o r t i c a t e d *  0,6 0.5 0.31 12 .2  
D e c o r t i c a t e d  i n  
UMS DVA Dehu l l e r*  0.6 1.1 0.69 12.1 
T r a d i t i o n a l l y  
dehul led** 85.4 0.6 0.5 0 ,31  12 .2  
* Munck & & 1982 
** Eggurn & 1982.  
I t  i s  indeed d i f f i c u l t  t o  ccmpsre  t h e  r 2 s u l t s  o f  
mechan ica l ly  and t r a d i t i o n a l l y  d e h u l l e d  g r a i n  r z p o r t e d  b y  
d i f f e r e n t  a u t h o r s  w i t h  t h e  r e s u l t s  o b t a i n e d  i n  ihe p r e s e n t  
s t u d y  because  t h e  methodology involved i n  t r a d i t i o n a l l y  dehul l .  
i n g  d i f f e r  g r e a t l y  from r e g i o n  to  r e g i o n ,  d i f i s r e n  t mechanical  
d e h u l l e r s  have been used i n  d i f f e r e n t  s t u d i e s  and a l s o  because 
t h e  chemical  composi t ion  of  t h e  f l o u r  d e p e n d s  to a g r e a t  
extent on t h e  e x t r a c t i o n  r a t e .  
5,1,2 P r o d u c t s  P r e p a r e d  from Whole and D e h u l l e d  G r a i n  
The c h e m i c a l  c o m p o s i t i o n  o f  t h e  p r o d u c t s  p r e p a r e d  from 
whole and d e h u l l e d  g r a i n  showed s i g n i f i c a n t  v a r i a t i o n  between 
t r e a t e d  and u n t r e a t e d  and a l s o  among t r e a t m e n t s .  
,1,2.1 Cooking. Eggum e t  a 1  (1983)  r e p o r t e d  t h a t  cooking  
-
r e s u l t e d  i n  h i g h e r  a n a l y t i c a l  v a l u e s  f o r  c r u d e  f i b r e ,  b u t  
l o w e r  v a l u e s  f o r  s t a r c h  and s u g a r ,  When d e h u l l e d  f l o u r  was 
ccoked  t h e  prox imate  a n a l y s e s  d i d  no t  show any s i g n i f i c a n t  
c h a n g e s  (Eggurn e t  a 1  1 9 8 2 ) .  
Changes i n  t h e  c a r b o h y d r a t e  c o m p o ~ i t i o n  and c o n t e n t  
on p r o c e s s i n g  h a s  a l s o  been r e p o r t e d  by McNei l l  e t  - a 1  - ( 1 9 7 5 ) .  
S i g n i f i c a n t  d i f f e r e n c e s  (P(0.05) were o b s e r v e d  i n  t h e  p e r c e n t  
o f  t o t a l  c a r b o h y d r a t e s ,  e t h a n o l  s o l u b l e  c a r b o h y d r a t e s  and 
s t a r c h  between d r y  ground p e a l  and t r e a t e d  samples  ( r e c o n s t i -  
t u t e d ,  s team f l a k e d  and m i c r o n i z e d )  and a l s o  between t r e a t m e n t s  
I n  t h e  p r e s e n t  s t u d y  t h e  s t a r c h  l e v e l  was f o u n d  t o  d e c r e a s e  
i n  b o t h  whole and d e h u l l e d  g r a i n s  on c o o k i n g ,  No s i g n i f i c a n t  
c h a n g e s  were o b s e r v e d  i n  t h e  c r u d e  f i b r e  l e v e l s .  
4,2,2 F e r m e n t a t i o n ,  Kazanas and F i e l d s  (1981)  r s p o r t e d  
--- 
p r o x i m a t e  a n a l y s i s  f o r  f e r m e n t e d  and u n f e r m e n t e d  s c r ~ h u m  meal. 
Though d i f f e r e n c e s  i n  a n a l y t i c a l  v a l u e s  f o r  protein ,  f a t ,  f i b r t  
and ash w r e  o b s e r v e d  between t r e a t e d  and u n t r e a t s d  s a m p l e s ,  
t h e  c h a n ~ e s  were i n s i g n i f i c a n t .  The r e s u l t s  of  t h e  p r e s e n t  
s t u d y  i n d i c a t e d  s i g n i f i c a n t  d i f f e r e n c e s  i n  the s t a r c h  and 
p r o t e i n  l e v e l s  on f e r m e n t a t i o n .  Hamad and F i e l d s  (1979) have 
r e p o r t e d  a  d e c r e a s e  i n  p e r c e n t  c r u d e  p r o t e i n  on f e r m e n t a t i o n  
i n  wheat, o a t s  and maize.  
j,l12m3 Germina t ion ,  - Wu and Wall (1980)  found t h a t  normal  
sorghum germina ted  f o r  f i r s t  3 days d i d  n o t  a f f e c t  t h e  chemica l  
compos i t ion  much b u t  on t h e  s i x t h  day o f  germina t ion  t h e  
p r o t e i n  i n c r e a s e d  2nd s t a r c h  d e c r e a s e d .  I n  t h e  p r e s e n t  s tudy  
( g e r m i n a t e d  f o r  4 8  h o u r s )  though no s i g n i f i c a n t  i n c r e a s e  was 
observed  i n  p r o t e i n  c o n t e n t ,  t h e  s t a r c h  c o n t e n t  had d e c r e a s e d  
s i g n i f i c a n t l y  on g e r m i n a t i o n .  
AMINO ACID COMPQSITION 
5.2.1 Whole Grai? 
L y s i n e ,  m e t h i o n i n e  + c y s t i n e  and th reonine  have  been 
r e p o r t e d  t o  b e  l i m i t i n g  i n  sorghum g r a i n  ( ~ a g g l c '  j& 1966 ,  
Virupaksha and S a s t r y  1 9 6 8  and A n t o n g i o v a n i  & 1 9 8 0 ) .  In 
t h e  p r e s e n t  s t u d y  t h e  l e v e l s  of t h e s e  amino  ac ids  were fcund 
t o  be 2.4 g  f o r  l y s i n e ,  3 .6  g f o r  m e t h i o n i n e  t c y s t i n e  and 
3.1/16 gN f o r  t h r e o n i n e .  Swaminathan e t  a 1  (1970) i n  a s tudy  
reported 2 .5  g of  l y s i n e ,  4.3 g m t h i o n i n e  t c y r t i n e  and 2.3 g/ 
16 g~ of t h r e o n i n e  t o  be p r e s e n t  i n  t h e  M35-1 sorghum v g r i e r y .  
Accord ing  t o  t h e  WHO (1973)  t h e  d e s i r e d  l e v e l  of  s u l p h u r  amino 
a c i d  i n  p r o t e i n  i s  3.4 g/16 gN. T h e r e f o r e  i t  a p p e a r s  t h a t  
sorgi-,urn M35-1 v a r i e t y  i s  n o t  l i m i t i n g  i n  s u l p h u r  amino a c i d s ,  
though l y s i n e  and t h r e o n i n e  c o n t e n t s  a r e  l e s s  t h a n  t h e  d e s i r e d  
l e v e l s .  
5.2.2 D e h u l l i n g  and Amino Acid  Compos i t ion  
On d e h u l l i n g ,  l y s i n e  a p p e a r s  t o  be t h e  main amino a c i d  
a f f e c t e d  t o  a  g r e a t  e x t e n t .  On t r a d i t i o n a l  d e h u l l i n g  21% and 
on m e c h a n i c a l  d e h u l l i n g  16.5% l y s i n e  was l o s t  as  o b s e r v e d  i n  
t h e  p r e s e n t  s t u d y .  Pushpamrna and Chitternma Rao (1981) have 
found  t h a t  t h e r e  i s  a  12.5% l o s s  i n  l y s i n e  and 23.5% l o s s  i n  
m e t h i o n i n e  on  t r a d i t i o n a l  d e h u l l i n g .  Eggum e t  a 1  (1983)  
r e p o r t e d  9% and 16% d e c r e a s e  i n  l y s ' i n e  c o n t e n t  on d e h u l l i n g ,  i n  
two d i f f e r e n t  v a r i e t i e s  o f  sorghum. I n  a n o t h e r  s t u d y  Eggum & 
(1982)  r e p o r t e d  t h e  amino a c i d  c o m p o s i t i o n  of whole and d s c o r t :  
c a t e d  sorghum by g i v i n y  a mean of 5  . l o c a l  Tanzanian v a r i e t i e s  
and t h e  l y s i n e  l o s s  on d e h u l l i n g  was 36%. In t h e  same s t u d y ,  
Eggum & (1982) have  r e p o r t e d  l y s i n e  c o n t ? n t  of  hand 
d i s s e c t e d  endosperm of  US hybr id  sorghum t c  oe 43% l e s s  t h a n  
whole g r a i n .  I n  a n o t h e r  s tudy  H a i k e r w a l  and Math ieson  (1971) 
have  r e p o r t e d  a  25.5% l o s s  i n  l y s i n e  c o n t e n t  i n  h a n d  d i s s e c t e d  
endosperm. From such  v a r i e d  r e s u l t s  i t  i s  d i f f i c u l t  t o  Come 
t o  any c o n c l u s i o n ,  f o r ,  t h e  d e c r e a s e  i n  l y s i n e ,  on d e h u l l i n g  
c o u l d  vary depending upon t h e  e x t e n t  o f  p e r i c a r p  rW&val  and 
7 
a l s o  t h e  p r o p o r t i o n  o f  germ removed d u r i n g  r i tcort ic+$ion.  !$* 
1,2.3 Sorghum P r o d u c t s  and ~ k n o  Acid Compos i t ion  
- 
L y s i n e  a g a i n  was found t o  be  t h e  amino a c i d  most 
a f f e c t e d  when whole and d e h u l l e d  g r a i n  were s u b j e c t e d  t o  
v a r i o u s  t r e a t m e n t s .  P a r c h i n g ,  p a r b o i l i n g  and b o i l i n g  whole 
g r a i n  a f f e c t e d  l y s i n e  t h e  l e a s t .  Eggum e t  a 1  (1982) r e p o r t e d  
t h e  amino a c i d  c o m p o s i t i o n  of u g a l i ,  a  b o i l e d  Tanzanian f o o d ,  
i n  which l y s i n e  c o n t e n t  was n o t  a f f e c t e d  i n  t h e  cooked produc t .  
Twenty e i g h t  p e r c e n t  l o s s  of l y s i n e  was observed on 
popping t h e  g r a i n  i n  t h e  p r e s e n t  s t u d y .  T h i s  could be d u e  t o  
t h e  h i g h  t e m p e r a t u r e  ( 2 1 5 ' ~ )  t h a t  was u s e d  f o r  popping. S h i a u  
and Yang (1982) found  t h a t  m i c r o n i z i n g  sorghum a t  t e m p e r a t u r e  
102O, 250' and 2 8 2 ' ~  r e s u l t e d  i n  a  l o s s  o f  17A, 33% and 28% 
r e s p e c t i v e l y ,  of  l y s i n e .  
Dosa ( f e r m e n t e d  and pan f r i e d  p r o d u c t )  prspared w i t h  
-
whole and d e h u l l e d  g r a i n  s u f f e r e d  a  l o s s  o f  25-28$ i n  l y s i n e  
and t h e  l o s s  i n  idli ( f e r m e n t e d  and s t e a m e d )  was 13%. E l  Tiney 
e t  a 1  (1979)  w h i l e  e v a l u a t i n g  t h e  n u t r i t i v e  v a l u e  3f  k i s r a  
--
( a  fe rmented  p a n  f r i e d  S u d a n e s e  food)  r e p o r t e d  a 24b l o s s  of 
l y s i n e  i n  one of  t h e  v a r i e t i e s  s t u d i e d .  Eggum t & ( 1 9 8 0 )  
r e p o r t e d  t h e  amino a c i d  c o m p o s i t i o n  of k i s r a  b u t  l y s i n e  c o n t e n r  
of t h e  p r o d u c t  d i d  n o t  a p p e a r  t o  be g r e a t l y  a f f e c x d .  A l l  
d e h u l l e d  p r o d u c t s  excep t  doss and b i s c u i t  had l y s i : ~ ?  c o n t e r l t  
s i m i l a r  t o  t h a t  p r e s e n t  i n  t h e  u n t r s a t e d  d e h u l l e d  ; r a i n .  
B i s c u i t s  and dosa p r e p a r e d  f rom whole and d e h u l l e d  g r a i n  had  
v e r y  low v a l u e s  f o r  l y s i n e  (39b l o s s  o b s e r v e d ) ,  Mahajan and 
Pushpamma (1972) have  r e p o r t e d  d e s t r u c t i o n  o f  l y s i n e  on b a k i n g  
( b i s c u i t s )  and deep  f a t  f r y i n g  (murku) o f  sorghum p r o d u c t s .  
5.3 -- IN VITRO STARCH DIGESTIBILITY 
j,3.1 Whole and D e h u l l e d  G r a i n  
I n  t h e  p r e s e n t  s t u d y  +he 2, v* s t a r c h  d i g e s t i b i l i t y  
(IVSD) was 1 1 , l ; i n  t h e  w h o l e  g r a i n .  Osmsn e t  a 1  (1970) 
r e p o r t e d  IVSD of  whole sorghum t o  b e  16.7%. Mechanical  and 
t r a d i t i o n a l  d e h u l l i n g  i n c r e a s e d  s t a r c h  d i g e s t i b i l i t y  s i g n i f i -  
c a n t l y .  Radha P a i  and Pushpamma (1977)  h a v e  observed t h a t  
t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  i n  IVSD between whole and 
( t r a d i t i o n a l l y )  dekiul led sorghum b u t  i n  t h e  p r e s e n t  s t u d y  it 
was found  t h a t  even  t r a d i t i o n a l  d e h u l l i n g  r e s u l t e d  i n  a  s i g n i -  
f i c a n t  ( ~ < 0 , 0 5 )  i n c r e a s e  i n  IVSD. 
~ 3 ~ 2  Sorghum p r o d u c t s  
V a r i o u s  t r e a t m e n t s  g i v e n  t o  whole  and d e h u l l e d  g r a i n  
i n c r e a s e d  IVSD by  s e v e r a l  f o l d .  The h i g h e s t  IVSD was o b s e r v e d  
f o r  ( f e r m e n t e d  and pan f r i e d ) .  An e i g h t  f o l d  i n c r e a  
was o b s e r v e d  f o r  b o t h  whole and  d e h u l l e d  p r o d u c t ,  Idli r e d  
whole g r a i n  a l s o  had a  s e v e n  f o l d  i n c r e a s e  i n  NSD 
Though t h e  u n t r e a t e d  d e h u l l e d  f l o u r  had s i g n i f i c a n t l y  h i g h e r  
I v S D  v a l u e s  when compared t o  whole g r a i n  f l o u r ,  such a  d i g e s t i -  
b i l i t y  d i f f e r e n c e  was n o t  o b s e r v e d  when p r o d u c t s  were p r e p a r e d  
f r c m  t h e  whole and d e h u l l e d  g r a i n  f l o u r .  The d e h u l l e d  g r a i n  
p r o d u c t s  had d i g e s t ~ b i l i t y  v a l u e s  s i m i l a r  t o  whole g r a i n  
p r o d u c t s  e x c e p t  i n  t h e  c a s e  o f  dosa and b i s c u i t  p repared  from 
d e h u l l e d  g r a i n  which  had IVSD v a l u e s  s i g n i f i c a n t l y  (P(0.05)  
l o w e r  t h a n  t h e  same p r o d u c t s  p r e p a r e d  f r o m  whole g r a i n .  
Kazanas an6  F i e l d s  (1981) have  r e p o r t e d  t h a t  f e r m e n t a t i o n  
r e s u l t e d  i n  an i n c r e a s e  i n  c a r b o h y d r a t e  a v a i l a b i l i t y .  Carbo-  
h y d r a t e  a v a i l a b i l i t y  was 16 .7Fin  n o n f e r m e n t e d  and 31,8$in 
f e r m e n t e d  p r o d u c t  and t h e  d i f f e r e n c e  was s i g n i f i c a n t  a t  1% 
l e v e l .  Walker  e t  a 1  (1970)  and McNeil l  e t  a 1  (1975) have  a l s o  
n o t e d  t h e  i n c r e a s e  i n  IVSD on p r o c e s s i n g .  
IN VITRO PROTEIN DIGESTIBILITY 
-- 
In  v i t r o  p r o t e i n  d i g e s t i b i l i t y  (IVPD) using A x t e l l  
--- 
e t  a 1  (1981)  p e p s i n  d i g e s t i b i l i t y  method showed d r g e s t i b i l i t y  
--
d i f f e r e n c e  between whole and p r o c e s s e d  s a n ~ p l e  as  vias s u g g e s t e d  
i n  t h e i r  p a p e r  ( A x t e l l  e t  a 1  1 9 8 1 ) ,  On b o i l i n g  v~hole  g r a i n ,  
IVPD d e c r e a s e d  by 67% and i n  d e h u l l e d  g r a i n  by 72;:. O t h e r  
t r e a t m e n t s  a f f e c t e d  NPD t o  a  l e s s e r  d e g r e e  a s  fo l lows:  p a r c h i n g  
32$, popping 8 k ,  p a r b o i l i n g  58%,  roti p r e p a r e d  f r m  whole  g r a i n  
39h, - r o t i  p r e p a r e d  from d e h u l l e d  g r a i n  36,5$, b i s c ~ i t s  p r e p a r e d  
from w)lole g r a i n  53% and b i s c u i t s  p r e p a r e d  f r o m  d c h u l l c d  g x a i n  
52%. $l& p r e p a r e d  f r o m  whole  and d e h u l l e d  g r a i n  had IVPD 
s i m i l z r  t o  u n t r e a t e d  g r a i n .  Higher  IVPD v a l u e s  f o r  f e r m e n t e d  
p r o d u c t s  h a v e  been r e p o r t e d  by A x t e l l  e t  a 1  ( 1 9 8 1 ) .  Kazanas 
and F i e l d s  ( 1 9 8 1 )  have  a l s o  found  t h a t  p r o t e i n  a v a i l a b i l i t y  
( p e p s i n  d i g e s t i o n )  i n c r e a s e d  s i g n i f i c a n t l y  ( ~ ( 0 . 0 1 )  on fe rmen-  
t a t i o n .  M a l t e d  g r a i n  had 15s and g e r m i n a t e d  g r a i n  13A h i g h c r  
NPG t h a n  whole g r a i n .  I f  t h e  a v a i l a b i l i t y  o f  p r o t e i n s  a r e  t o  
b e  p r e d i c t e d  f r o m  IVPD d a t a ,  t h e n  it a p p e a r s  t h a t  f e r m e n t e d  
i d l i ) ,  m a l t e d  and g e r m i n a t e d  sorgkum h a v e  b e t t e r  p r o t e i n  (- 
a v a i l a b i l i t y  when compared t o  t h e  o t h e r  p r o d u c t s  a s s a y e d  i n  
t h e  p r e s e n t  s t u d y .  
5.5  B IOAVAILAB IL I T Y  STUDIES 
P r o t e i n  q u a l i t y  r e l a t e s  t o  t h e  e f f i c i e n c y  w i t h  w h i c h  
v a r i o u s  food  p r o t e i n s  a r e  u s e d  f o r  s y n t h e s i s  and m a i n t e n a n c e  
of t i s s u e  p r o t e i n s  ( J a n s e n  1 9 7 8 ) .  The e v a l u a t i o n  of f o o d  
p r o t e i n  q u a l i t y  n o r m a l l y  p r o c e e d s  from t h e  s i m p l e  t o  t h e  more 
complex ,  The e v a l u a t i o n  s t a r t s  w i t h  n i t r o g e n  ana amino a c i d  
a n a l y s i s ,  moves t h r o u g h  a  s e r i e s  of s p e c i f i c  chenl ical  m e a s u r e -  
m e n t s  and e n d s  up  w i t h  b i o l o g i c a l  t e s t s .  Though an imal  a s s a y  
a r e  used  w i d e l y  t o  e v a l u a t e  p r o t e i n  q u a l i t y ,  thsy d o  h a v e  
l i m i t a t i o n s  w h i c h  must b e  k e p t  i n  mind w h i l e  i n t e r p r e t i n g  t h e  
d a t a  ( p e l l e t t  and Young 1 9 8 0 ) .  Ths v a r i o u s  b i o a s s a y  m e t h o d s  
u s e d  f o r  a s s e s s i n g  p r o t e i n  q u a l i t y  and t h e  draivbacks have been 
d i s c u s s e d  by P e l l e t t  and Young (1960).  Of t h e s s ,  t h e  method  
b a s e d  on n i t r o g e n  r e t e n t i o n  was s e l e c t e d ,  f o r  use  f o r  t h e  
p r e s e n t  b i o a v a i l a b i l i t y  s t u d i e s .  
Net  P r o t e i n  U t i l i z a t i o n  
S e v e r a l  methods u s e  n i t r o g e n  r e t e n t i o n  a s  t h e  
d e p e n d e n t  v a r i a b l e  i n  a p r o t e i n  q u a l i t y  a s s a y .  The s i m p l e s t  
of  t h i s  i s  t h e  n e t  p r o t e i n  u t i l i z a t i o n  (NPU) wllich m e a s u r e s t h e  
d i f f e r e n c e  i n  c a r c a s s  n i t r o g e n  between r a t s  f e d  a  t e s t  p r o t e i n  
and t h o s e  f e d  a  p r o t e i n  f r e e  d i e t .  T h i s  method can r a n k  
p r o t e i n  and c a n  d i s c r i m i n a t e  p r o t e i n  q u a l i t y  t o  a  modera te  
a c c u r a c y  ( ~ e l l e t t  and Young 1980), . 
M t h e  many p r o c e d u r e s  t r i e d  o u t ,  NPU i s  now t h e  most 
u s e d .  T h i s  i s  t h e  p r o p o r t i o n  of i n g e s t e d  n i t r o g e n  t h a t  i s  
r e t a i n e d  i n  t h e  body u n o e r  s p e c i f i c  c o n d i t i o n s .  NPU i s  a  
combined measure  o f  d i g e s t i b i l i t y  and o f  t h e  e f f i c i e n c y  o f  
u t i l i z a t i o n  o f  t h e  a b s o r b e d  amino a c i d s  (WHO 1973).  C o l l e c t i o n  
of f e c a l  m a t e r j a l  d u r i n g  t h e  a s s a y  p e r i o d  e n a b l e s  s e p a r a t e  
e s t i m a t i o n  o f  d i g e s t i b i l i t y  v a l u e s  ( P e l l e t t  and Ycung 1 9 8 0 ) .  
5.6 NUTRITIONAL V A L E  ff SORGHUM ATD SORGHUM PRCQL'CTS 
j16.1 Whole G r a i n  
The NPU v a l u e  o b t a i n e d  f o r  wholc  sorghun! g r a i  
i n  t he  p r e s e n t  s t u d y  was 54.1 ( p r o t e i n  l e v e l  8%). Th 
p r o t e i n  d i g e s t i b i l i t y  (TD) was 92,0h, t h e  d i g e s t i b l e  energy  
91.8 and d r y  m a t t e r  d i g e s t i b i l i t y  91.9h i n  t h e  whole sorghum 
g r a i n  f l o u r ,  An NPU of 28.6 was r e p o r t e d  by Harden e t  a1  
(1976) f o r  whole sorghum d i e t  a t  8% p r o t e i n  l e v e l .  NPU v a l u e s  
of 48.6-57.0 were r e p o r t e d  by Eggum e t  a 1  (1982 and 1983) f o r  
- - 
f o u r  d i f f e r e n t  v a r i e t i e s  of sorghum g r a i n .  Net p r o t e i n  r e t e n -  
t i o n  ( N P R )  v a l u e s  1 .60,  1 .71  and 1.61 were o b t a i n e d  f o r  t h r e e  
v a r i e t i e s  of sorghum by S i k k a  and J o h a r i  ( 1 9 7 9 ) .  NPR i s  
r e p o r t e d  t o  have a  h i g h l y  s i g n i f i c a n t  c o r r e l a t i o n  with NPU 
( ~ e n d e r  and Doel l  1 9 5 7 ) ,  
The t r u e  p r o t e i n  d i g e s t i b i l i t y  h;s a l s o  been r e p o r t e d  
by Eggum e t  a 1  (1982,  1 9 8 3 ) .  The TD v a l u e s  f o r  whole g r a i n  
ranged  from 94.5-95.8Xin f o u r  d i f f e r e n t  v a r i e t i e s .  The 
d i g e s t i b l e  energy  ranged from 89.6-90.6lin t h e  same v a r i e t i e s .  
The d r y  m a t t e r  d i g e s t i b i l i t y  stuclied i n  7  v a r i e t i e s  of sorghum 
( 1 l o r y  and Conrad 1976) was found t o  r a n g e  between 83.2-85.3% , 
From t h e  above i n f o r m a t i o n  i t  can b e  s a i d  t h a t  though 
sorghum p r o t e i n  i s  not  v e r y  e f f i c i e n t l y  r e t a i n e d  i n  t h e  body 
b u t  t h e  energy and p r o t e i n  d i g e s t i b i l i t y  v a l u e s  obtained from 
animal  exper imenta t ion  a r e  good. In f a c t  t h e  valucs  compare 
well w i t h  t h o s e  ob ta ined  from r i c e ,  whcat and maizs (Eggum & & 
$,6.2 Dehulled G r a i n  
On d e h u l l i n g ,  t h e  NPU d e c r e a s e d  s i g n i f i c a n t l y ,  from 
54.1  i n  whole g r a i n  t o  47.1 f o r  m e c h a n i c a l l y  d e h u l l e d  and 45.4 
f o r  t r a d i t i o n a l l y  d e h u l l e d  g r a i n  f l o u r ,  The t r u e  p r o t e i n  
d i g e s t i b i l i t y  ( T D ) ,  d i g e s t i b l e  energy ( D E )  and dry  m a t t e r  
d i g e s t i b i l i t y  (DMD) f o r  t r a d i t i o n a l l y  d e h u l l e d  g r a i n  was 9 5 , 6 , 9 4 4 7  
and 94.1% r e s p e c t i v c l ~  and f o r  n ~ e c h a n i c a l l y  d e h u l l e d  g r a i n  i t  
was 97,4, 94.3 and 94.8% r e s p e c t i v e l y .  Narayan Rao & & (1958) 
and Eggum 2 (1982,  1983)  have a l s o  r e p o r t e d  s i m i l a r  r e s u l t s .  
Weight g a i n  was much l e s s  i n  t h e  r a t s  f e d  t h e  dehul led  g r a i n  
d i e t  b u t  t h e  n i t r o g e n  a b s o r p t i o n  (%)  was h i g h e r  i n  d e h u l l e d  
g r a i n  d i e t  w i t h  t h e  m e c h a n i c a l l y  d e h u l l e d  d i e t  having t h e  h i g h e s t  
n i t r o g e n  a b s o r p t i o n .  Though d e h u l l i n g  r e d u c e d  the NPU, b u t  t h e  
TD, DE and DMD i n c r e a s e d  s i g n i f i c a n t l y .  The NPU Lvas lowered  
due  t o  t h e  l o s s  of t h e  e s s e n t i a l  an ino  a c i d  l y s i n e ,  w i t h  t h e  
b r a n  f r a c t i o n .  And t h e  i n c r e a s e  i n  t h e  d i g e s t i b i l i t y  v a l u e s  
were  probably  due t o  t h e  removal  of b r a n  which has a h i g h  l e v e l  
o f  f i b r e .  The d i f f e r e n c e  i n  t h e  TD,  DE and DMD and NPU v a l u s s  
o b t a i n e d  between t h e  d e h u l l i n g  methods w e r e  n o t  s i g n i f i c a n t .  
6 3  Sorghum P r o d u c t s  Prepared f rom Whole G r a i n  
13.1 Parched  Sorghum. R a t s  on parched  sorghum showed a 
t o t a l  g a i n  i n  weigh t  of 2.4 g  i n  1 0  d a y s ,  This  was c o n s i d ~ s a b l y  
, l o w e r  t h a n  t h e  r a t s  on u n t r e a t e d  whole sorghum d i e t  which 
showed a  w e i g h t  g a i n  of  5 .4 g  i n  10 d a y s ,  The NPU was 4 8 , 5  
which was s i g n i f i c a n t l y  l o w e r  t h a n  t h e  NPU of whole g r a i n  ' 
though t h e  l y s i n e  l e v e l  b o t h  i n  whole and parched  g r a i n  were  
s i m i l a r .  The l o w e r i n g  o f  NPU c o u l d  p r o b a b l y  be e x p l a i n e d  by 
s l i g h t l y  l o w e r  n i t r o g e n  i n t a k e  and s i g n i f i c a n t l y  lower n i t r o g e n  
a b s o r p t i o n .  The TD of p a r c h e d  sorghum was a l s o  lower b u t  t h e  
d i g e s t i b l e  e n e r g y  was s i g n i f i c a n t l y  h i g h e r  when compdred t o  
whole g r a i n  f l o u r ,  Acharya e t  a 1  (1942)  h a v e  r e p o r t e d  t h a t  
-- 
p a r c h e d  sorghum had a  h i g h e r  BV than  u n p a r c h e d  sorghum, b u t  
t h i s  was n o t  found  t o  be  s o  i n  t h e  p r e s e n t  s t u d y ,  
Popped Sorghum. Popped sorghum d i e t  was s t i l l  l e s s  
e f f i c i e n t  i n  m a i n t a i n i n g  w e i g h t  g a i n  i n  r a t s .  The t o t a l  
w e i g h t  g a i n  i n  10 days was o n l y  1.4 g.  The  N P U  was 38.4, 
The p e r c e n t  n i t r o g e n  a b s o r p t i o n  and TD was s i g n i f i c a n t l y  
l o w e r  t h a n  whole sorghum, The low NPU c o u l d  be e x p l a i n e d  
by t h e  28% l o s s  i n  t h e  t o t a l  l y s i n e .  The l y s i n e  l o s s  c o u l d  
have  o c c u r r e d  due  t o  t h e  h i g h  t e m p e r a t u r e  ( 2 1 5 ' ~ )  t h a t  was 
u s e d  f o r  popping  t h e  g r a i n .  The d i g e s t i b l e  energy of t h e  
popped sorghum d i e t  was s i m i l a r  t o  the w h o l e  g r a i n  d i e t  b u t  
t h e  d r y  m a t t e r  d i g e s t i b i l i t y  was s i g n i f i c a n t l y  l w e r .  Of a l l  
t h e  whole g r a i n  p r o d u c t s  popped sorghum h a d  t h e  lowes t  
n u t r i t i v e  v a l u e ,  
M a l t e d  Sorghum, The NPU o f  m a l t e d  sorghum was 
n o t  s i g n i f i c a n t l y  lower  t h a n  whole g r a i n  d i e t ,  though i t  was 
lower  t h a n  t h e  NPU o f  g e r m i n a t e d  sorghum d i e t .  The w e i g h t  
g a i n  of  t h e  r a t s  on m a l t e d  sorghum d i e t  was 3.4 g  i n  10 d a y s  
and t h i s  was 37b l o w e r  t h a n  t h e  r a t s  on whole g r a i n  d i e t .  
The n i t r o g e n  a b s o r p t i o n  and TD was not  s i g n i f i c a n t l y  d i f f e r e n t  
f rom t h e  whole g r a i n  d i e t .  The TD p f  m a l t e d  sorghum was 
s i m i l a r  t o  t h e  TD of  g e r m i n a t e d  sorghum and sorghum s. 
The d i g e s t i b l e  energy  of  m a l t e d  sorghum was s i g n i f i c a n t l y  
h i g h e r  t h a n  t h e  whole g r a i n  d i e t .  
6,3,4 Germina ted  Sorghum. Germinated sorghum d i e t  r e s u l t e d  
---
i n  h i g h e r  w e i g h t  g a i n  i n  r a t s .  The r a t s  g a i n e d  6.1 g  i n  10 
d a y s .  E x c e p t  r a t s  on - i d l i  d i e t ,  p r e p a r e d  w i t h  whole sorghum, 
no o t h e r  d i e t  t e s t e d  i n  t h e  p r e s e n t  s t u d y  s u p p o r t e d  growth t o  
t h i s  e x t e n t .  The NPU was a l s o  h igh  t h o u g h  i t  was n o t  s i g n i -  
f i c a n t l y  h i g h e r  t h a n  whole g r a i n  d i e t .  The n i t r o g e n  a b s o r p t i o n  
and TD was comparab le  t o  m a l t e d  sorghum d i e t .  Though t h e  
t o t a l  l y s i n e  c o n t e n t  i n  m a l t e d  and g e r m i n a t e d  sozghum w e r e  
s i m i l a r  t h e  w e i g h t  g a i n  and  NPU were h i g h e r  i n  g t r m i n a t e d  
sorghum t h a n  m a l t e d  sorghum. This  c o u l d  b e  e i t h s r  due t o  
t h e  i n c r e a s e  i n  a v a i l a b l e  l y s i n e  o r  due t o  i n c r e ~ s e d  a v a i l a b i -  
l i t y  of t h e  p r o t e i n  i t s e l f .  Wang and F i e l d s  (1978) and Hamad 
and F i e l d s  ( 1 9 7 9 )  have r e p o r t e d  t h a t  t h e r e  i s  an i n c r e a s e  i n  
r e l a t i v e  n u t r i t i v e  v a l u e  on g e r m i n a t i o n  i n  s o r g h m  a s  w e l l  
as i n  o t h e r  c e r e a l  g r a i n s .  They have a l s o  r e p o r r s d  an i ~ g c r e a s e  
i n  l y s i n e  l e v e l  on g e r m i n a t i o n  b u t  t h e  minimum per iod  r e q u i r e d  
f o r  l y s i n e  l e v e l  t o  i n c r e a s e  i s  3 days u n d e r  f a v o u r a b l e  
c o n d i t i o n s .  I n  t h e  p r e s e n t  s t u d y  sorghum was germinated f o r  
2 days o n l y ,  s o  t h e  i n c r e a s e  i n  t o t a l  l y s i n e  was not observed 
and a l s o  s i g n i f i c a n t  i n c r e a s e  i n  NPU was n o t  observed though 
t h e r e  was a  s l i g h t  i n c r e a s e .  
j,3.5 P a r b o i l e d  Sorghum. The weigh t  g a i n  i n  r a t s  f e d  p a r b o i l e d  
sorghum d i e t  was 3,7 g  i n  10 d a y s .  The NPU was s i g n i f i c a n t l y  
lower t h a n  whole g r a i n  o r  germina ted  sorghum d i e t .  The t o t a l  
l y s i n e  l e v e l  was t h e  same a s  whole g r a i n  b u t  i n s p i i s  of t h a t  
t h e  NPU was low.  T h i s  may b e  e x p l a i n e d  by t h e  f a c t  t h a t  
n i t r o g e n  a b s o r p t i o n  and TD was s i g n i f i c a n t l y  lower than whole 
g r a i n ,  e x c e p t  b o i l e d  sorghum, p a r b o i l e d  sorghuni h sd  the  
l o w e s t  p r o t e i n  d i g e s t i b i l i t y .  ,The d i g e s t i b l e  energy and d r y  
m a t t e r  d i g e s t i b i l i t y  was s i m i l a r  t o  t h e  o t h e r  sorghum p r o d u c t s ,  
1.6.4 Sorghum P r o d u c t s  Prepared  -- f r o m  Wholr and Dehul led  ; ra in  
j14,1 Whole Gra in-Boi led .  Boi led  whole g r a i n  hhsn f e d  t o  
r a t s  r e s u l t e d  i n  a  weigh t  g a i n  of 5.4 g  i n  10 days.  The NPU 
was 50.5 which was no t  s i g n i f i c a n t l y  d i f f e r e n t  f r ~ m  t h e  NPU 
o f  whole g r a i n  b u t  i t  was s i g n i f i c a n t l y  l o w e r  than germina ted  
sorghum. The n i t r o g e n  a b s o r p t i o n , T D ,  DE a n d  DMD wsre s i g n i f i -  
cantly lower than  t h a t  of any o t h e r  p r o d u c t .  Epgm g a" 
(1903) have r e p o r t e d  s i m i l a r  NPU va lues  f o r  u g a l i ,  a  Tanzanian  
d i s h  p r e p a r e d  by c o o k i n g  sorghum f l o u r  i n  w a t e r ,  The d i g e s t i -  
b i l i t y  v a l u e s  r e p o r t e d  w e r e  a l s o  l o w e r  t h a n  t h e  o t h e r  sorghum 
p r o d u c t s  t e s t e d ,  FA0 ( 1 9 7 0 )  r e p o r t e d  a  p e r s o n a l  communicat ion 
from D r a y e r  (1963)  t h a t  sorghum cooked ,  d r i e d  and f e d  t o  r a t s  
g a v e  a n  NPU of 55.8 and BV o f  73 .2 .  
j,4.2 D e h u l l e d  G r a i n - B o i l e d .  When d e h u l l e d  g r a i n  was b o i l e d  
i t  gave  a  much l o w e r  NPU v a l u e  (44.8)  when compared t o  b o i l e d  
whole  g r a i n .  Though NPU was n o t  s i g n i f i c a n t l y  lower t h a n  t h e  
NPU of u n t r e a t e d  d e h u l l e d  g r a i n  f l o u r .  The 16.5% l o s s  of 
l y s i n e  on d e h u l l i n y  i s  p r o b a b l y  t h e  c a u s e  o f  t h e  low NPU v a l u e *  
The TD o f  b o i l e d  d e h u l l e d  g r a i n  i n c r e a s e d  s i g n i f i c a n t l y  when 
compared t o  b o i l e d  whole g r a i n .  The DE and  DMD of d e h u l l e d  
b o i l e d  g r a i n  was s i m i l a r  t o  t h a t  o f  u n t r e a t e d  d e h u l l e d  g r a i n  
b u t  t h e  TD was s i g n i f i c a n t l y  l o w e r .  The r e m o v a l  of b r a n  
p r o b a b l y  r e s u l t e d  i n  an i n c r e a s e  i n  t h e  p r o t e i n  d i g e s t i b i l i t y .  
The w e i g h t  g a i n  of  r a t s  on d e h u l l e d  b o i l e d  sorgt,urn d i e t  was 
2 .6  g  i n  10 d a y s .  
14 .3  Whole G r a i n - R o t i .  The NPU of a, p r e p a r e d  from w h o l e  
g r a i n  was 50.2 w h i c h  i s  s i m i l a r  t o  NPU v a l u e s  ob ta ined  f r o m  
mal ted sorghum, b o i l e d  ( w h o l e  g r a i n )  sorghum and dosa p r e p a r e d  
f r o m  whole g r a i n  and n o t  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  NW 
v a l u e  of u n t r e a t e d  whole sorghum g r a i n  f l o u r ,  The w e i g h t  g a i n  
i n  rats f e d  & d i e t  was 5.2 i n  10 d a y s .  Weight  ga in  
was similar t o  t h e  r a t s  f e d  w h o l e  sorghum or b o i l s 6  w 
sorghum d i e t .  Both w e i g h t  g a i n  and NPU of roti was l e s s  t h a n  
t h a t  observed  i n  g e r m i n a t e d  sorghum. The n i t r o g e n  a b s o r p t i o n  
of t h e  roti d i e t  was h i g h  and t h e  T D  was h i g h e s t  amony a l l  
t h e  whole sorghum p r o d u c t s .  
6,4.4 D e h u l l e d  G r a i n - R o t i .  The weigh t  g a i n  of r a t s  on T&, 
p r e p a r e d  from d e h u l l e d  g r a i n  was 4 . 0 g i n  1 0  d a y s .  Ra ts  f e d  
r o t i  p r e p a r e d  from d e h u l l e d  g r a i n  showed t h e  h i ~ h e s t  w e i g h t  
-- 
g a i n  among a l l  t h e  d e h u l l e d  g r a i n  d i e t s  s t u d i e d .  The NPU was 
43.7 which was n o t  s i g n i f i c a n t l y  lower t h a n  u n t r e a t e d  d e h u l l e d  
g r a i n  f l o u r ,  Low NPU v a l u e s  c o u l d  be  e x p e c t e d  because of t h e  
i n i t i a l  low l y s i n e  l e v e l  i n  t h e  d e h u l l e d  g r a i n  f l o u r .  L i k e  
r o t i  p r e p a r e d  from whole g r a i n ,  roti p r e p a r e d  from d e h u l l e d  
-
g r a i n  had h i g h  d i g e s t i b i l i t y  v a l u e s ,  i t  had  t h e  h i g h e s t  n i t r o g e n  
a b s o r p t i o n  and TD l e v e l s  among a l l  t h e  d e h u l l e d  g r a i n  p r o a u c t s  
s t u d i e d .  Chawla and Kapoor (1982)  have found  t h a t  t h e  l o s s e s  
o f  amino a c i d  d u e  t o  c h a p a t i  making were n e g l i g i b l e .  T h i s  i s  
i n  a c c o r d a n c e  w i t h  the  p r e s e n t  s t u d y .  
#4.5 Whole G r a i n - B l s c u i t .  B i s c u i t s  p r e p a r e d  from whole  
sorghum g r a i n  f a i l e d  t o  s u p p o r t  growth i n  r a t s .  Thore was 
0.8 g l o s s  i n  w e i g h t  of t h e  r a t s  i n  10 d a y s .  Ths NPU v a l u e  
was s i g n i f i c a n t l y  lower t h a n  t h e  u n t r e a t e d  whole g r a i n ,  a n d  
had t h e  l o w e s t  NPU amony a l l  t h e  \$hole g r a i n  p r o i u c t s  e x c e p t  
for  popped g r a i n  which had a n  NPU lower t h a n  b i s : u i t s .  Both  
n i t r o g e n  a b s o r p t i o n  and TD was s i g n i f i c a n t l y  l o v s r  t h a n  
u n t r e a t e d  whole g r a i n  f l o u r .  
,4.6 D e h u l l e d  G r a i n - B i s c u i t s .  The NPU of  b i s c u i t s  p r e p a r e d  
-
f rom d e h u l l e d  g r a i n  was s i g n i f i c a n t l y  lovrer  t h a n  a l l  t h e  o t h e r  
d e h u l l e d  p r o d u c t s  e x c e p t  dosa p r e p a r e d  f r o m  d e h u l l e d  g r a i n  
where t h e  NPU v a l u e s  were  a l s o  q u i t e  l o w ,  When b i s c u i t s  pre-  
p a r e d  from d e h u l l e d  g r a i n  was f e d  t o  t h e  r a t s  t h e y  l o s t  2.1 g  
of w e i g h t  i n  10 d a y s .  The n i t r o g e n  i n t a k e  of  r a t s  on b i s c u i t s  
p r e p a r e d  from d e h u l l e d  g r a i n  was s i g n i f i c a n t l y  low when compared 
t o  t h e  n i t r o g e n  i n t a k e  of r a t s  f e d  u n t r e a t e d  d e h u l l f d  g r a i n  
f l o u r  o r  t o  b i s c u i t  d i e t  p r e p a r e d  from whole  g r a i n .  The d i g e s t i -  
b i l i t y  v a l u e  was s l i g h t l y  h i g h e r  f o r  b i s c u i t s  p repared  f rom 
d e h u l l e d  g r a i n  t h a n  i n  t h e  b i s c u i t s  p r e p a r e d  from w l ~ o l e  g r a i n .  
The DE and DMD of b i s c u i t s  p r e p a r e d  b o t h  f r o m  whole g r a i n  and  
dei-,ulled g r a i n  were  s i m i l a r  t o  t h e  DE and DMD o f  t h e  r e s p e c t i v e  
u n t r e a t e d  f l o u r .  
The low n u t r i t i v e  v a l u e  of b i s c u i t s  c o u l d  be due t o  
m o d i f i c a t i o n s  i n  t h e  b a s i c  r e c i p e ,  bak iny  t e m p e r a t u r e  and  t i m e ,  
Normal ly  b i s c u i t s  a r e  p r e p a r e d  w i t h  3045% f a t  b u t  i n  t h e  
p r e s e n t  s t u d y  t h e  f a t  l e v e l  was lowered t o  10% i n  a n  a t t e m p t  
t o  keep a l l  t h e  d i e t s  i s o c a l o r i c .  Aga in ,  t h e  normal b a k i n g  
. t e a ~ p o r a t u r e  i s  1 8 0 ~ ~  a n d  b a k i n g  t i m e  10-15 m i n u t e s .  B u t  i n  
t h e  p r e s e n t  s t u d y  due t o  t h e  low l e v e l  o f  f a t  i n  thc. dough ,  
b i s c u i t s  r e q u i r e d  a  h i g h e r  t e m p e r a t u r e  and l o n g e r  tirne t o  r e a c h  
the d e s i r e d  l e v e l  of d o n e n e s s .  The b a k i n g  t e m p e r a t u r e  was 
i n c r e a s e d  t o  2 5 0 ' ~  and b a k i n g  t i m e  t o  2 5  m i n u t e s ,  3 a k i n g  a t  
h i g h  t e n p e r a t u r e  f o r  25 m i n u t e s  p robably  r e s u l t e d  i n  t h e  
d e s t r u c t i o n  o r  u n a v a i l a b i l i t y  o f  i m p o r t a n t  n u t r i e n ~ s .  
T h a t  bak ing  a f f e c t s  t h e  a v a i l a b i l i t y  of  amino a c i d s  
and e s p e c i a l l y  l y s i n e  h a s  been r e p o r t e d  by s e v e r a l  a u t h o r s .  
P r a b h a v a t h i  e t  a 1  (1973)  have  r e p o r t e d  t h a t  PER v a l u e s  of 
unbaked b i s c u i t  m i x t u r e s  were  h i g h e r  t h a n  PER v a l u e s  f o r  
b i s c u i t s ,  which were lower  by 13-35g. They a l s o  f  ound t h a t  t h e  
PER of  commercia l  b i s c u i t  was 0.98.  Zombade and Sa the  (1977)  
r e p o r t e d  a  l o s s  of 40.4$ a v a i l a b l e  l y s i n e  when a  f i s h  meal was 
s u b j e c t e d  t o  d r y  ( o v e n )  h e a t i n g .  The l o s s  o f  a v a i l a b l e  l y s i n e  
was 3% when g r o u n d n u t  c a k e  was s u b j e c t e d  t o  wet ( a u t o c l a v i n g )  
h e a t i n g .  F a r i d i  e t  a 1  ( 1 9 8 2 )  have a l s o  found  t h a t  t h e  p r o c e s s  
of b a k i n g  lowered  t h e  PER v a l u e  of  I r a n i a n  f l a t  b reads .  
Mahajan and Pushpamma (1972)  i n  a  s t u a y  r e p o r t e d  t h a t  
w h i l e  t h e  PER o f  u n t r e a t e d  who le  sorghum f l o u r  was 1 . 0 ,  b i s c u i t  
p r e p a r e d  from t h e  f l o u r  had a  PER of 0.5. On a n a l y s i n y  t h e  
b i s c u i t  t h e y  found  t h e  a v a i l a b l e  l y s i n e  t o  b e  low, s o  t h e  
l y s i n e  l e v e l  was supp lemen ted  i n  such a  way s o  t h 6 t  i t  was 
s i m i l a r  t o  t h e  l e v e l  i n  u n t r e a t e d  f l o u r .  B u t  when t h e  l y s i n e  
supp lemen ted  sorghum b i s c u i t  was fed  t o  r a t s  i t  gave a  PER of 
0.6 and f a i l e d  t o  a t t a i n  t h e  PER l e v e l  o f  u n t r e a t e d  f l o u r .  
It  i s  p r o b a b l e  t h a t  someth ing  o t h e r  than  t h e  a v a i l a b i l i t y  of 
l y s i n e  i s  a f f e c t i n g  the  p r o t e i n  u t i l i z a t i o n  from sorghum 
b i s c u i t s .  H u r r e l l  and C a r p e n t e r  (1981) h a v e  exp la ined  some 
i m p o r t a n t  i n t e r a c t i o n  of f o o d  components o n  p r o c e s s i n g  in a  
s i m p l e  s c h e m a t i c  form a s  shown i n  t h e  f o l l o w i n g  page ( f i g u r e  9) 
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7 Whole Grain-Dosa. The w e i g h t  g a i n  and NPU of dosa 
-
p r e p a r e d  f r o m  w h o l e  g r a i n  was  s i m i l a r  t o  t h e  b o i l e d  p r o d u c t  
and roti p r e p a r e d  from w h o l e  g r a i n  and a l s o  t o  t h e  u n t r e a t e d  
w h o l e  g r a i n .  The n i t r o g e n  a b s o r p t i o n  a n d  t h e  t r u e  d l g e s t i -  
b i l i t y  was s i g n i f i c a n t l y  l o w e r  t h a n  t h e  u n t r e a t e d  g r a i n .  The 
DE a n d  DMD was s i m i l a r  t o  t h e  whole g r a i n .  
Eggum e t  a 1  (1983) r e p o r t e d  t h e  n u t r i t i v e  v a l u e  o f  
k i s r a  - a  f e r m e n t e d  p r o d u c t  f r o m  Sudan. The  NPU was s i  
'--.- 
to t h e  v a l u e s  o b t a i n e d  f o r  d o s a  ( w l ~ o l e  g r a i n )  i n  t h e  p r  
study. Au a n d  F i e l d s  ( 1 9 8 1 )  and Kazanas a n d  F i e l d s  (19 
observed an i n c r e a s e  i n  p e r c e n t  RNV i n  f e r m e n t e d  sorghu  
when sorghum was f e r m e n t e d  a t  3 5 ' ~  f o r  7 d a y s .  An i n c r e a s e  
i n  n u t r i t i v e  v a l u e  was n o t  observed  i n  t h e  p r e s e n t  c a s e  a s  
t h e  b a t t e r  was f e r m e n t e d  f o r  1 6  h o u r s .  It h a s  beeh r e p o r t e d  
t h a t  t h e  amino a c i d  c o n t e n t  o f  a  p a r t i c u l a r  food may d e c r e a s e  
i n  t h e  f i r s t  few h o u r s  of  f e r m e n t a t i o n  a s  t h e  a ~ i n o  a c i d s  
would be m e t a b o l i s e d  by m i c r o  organisms d u r i n g  a c t i v e  growth 
a t  a  E a s t e r  r a t e  t h a n  t h e y  were  b e i n g  Eorlr~ed from t h e  p r o t e i n  
by n a t i v e  p r o t e a s e s .  L a t e r  when f e r m e n t a t i o n  proceeds  t o  48 
and 72 h o u r s  t h e  amino a c i d s  accumula ted  a s  t h e  r a t e  of  a c t i v e  
f e r m e n t a t i o n  and growth s u b s i d e d  (Morimoto 1 9 6 6 ) .  
,4,8 D e h u l l e d  Grain-Dosa. Dosa p r e p a r e d  w i t h  d e h u l l e d  g r a i n  
was u n a b l e  t o  s u p p o r t  g rowth  i n  r a t s ,  The r a t s  on t h i s  d i e t  
l o s t  1 .2  g  w e i g h t  i n  10 days .  The NPU was a l s o   lo^. The l o s s  
of w e i g h t  and low NPU c o u l d  b e  due  t o  t h e  low i n t a k e  of n i t r o g s n ,  
The n i t r o g e n  i n t a k e  was s i g n i f i c a n t l y  l o w e r  t h a n  the  r a t s  on 
t h e  dosa d i e t  p r e p a r e d  w i t h  whole  g r a i n ,  The i n t a k e  was s i m i l a r  
t o  t h e  r a t s  on b i s c u i t  d i e t  p r e p a r e d  w i t h  d e h u l l e d  g r a i n .  The 
n i t r o g e n  a b s o r p t i o n  was s i g n i f i c a n t l y  l o w e r  t h a n  tne u n t r e a t e d  
d e h u l l e d  g r a i n  b u t  s i m i l a r  t o  t h e  a b s o r p t i o n  o b s e r v t d  w i t h  t h e  
o t h e r  p r o d u c t s .  The DE and DMD was s i g n i f i c a n t l y  lower t h a n  
t h e  u n t r e a t e d  d e h u l l e d  g r a i n .  
The r e a s o n  f o r  t h e  l o w  food  i n t a k e  was nor  u n d e r s t o o d .  
There i s  some f a c t o r  which l i m i t s  t h e  r a t s )  a b i l i t y  t o  i n c r e a s e  
f6ad i n t a k e  t o  o b t a i n  more p r o t e i n  ( P r e s t o n m e r c e r  1381). 
P r o b a b l y  t h i s  p r o d u c t  was n o t  v e r y  w e l l  a c c e p t e d  by t h e  r a t .  
A l s o  t h e  l y s i n e  l e v e l  i n  t h i s  p r o d u c t  was more s e v e r e l y  
a f f e c t e d  t h a n  t h e  o t h e r  p r o d u c t s  s t u d i e d .  Moreover t h e  damage 
caused  t o  l y s i n e  i s  u s u a l l y  n o t  c o m p l e t e l y  d e t e c t e d  by t h e  
c o n v e n t i o n a l  Moore and S t e i n  chromatograms ( ~ u r r e l l  and 
C a r p e n t e r  1 9 8 1 ) .  
,4.9 Whole G r a i n - I d l i .  R a t s  on & ( f e r m e n t e d  and s teamed 
p r o d u c t )  d i e t  (whole g r a i n )  showed a  w e i g h t  g a i n  of 6 . 1  g  i n  
10 d a y s ,  which i s  t h e  maximum w e i g h t  g a i n  r e c o r d e d  i n  t h i s  
s t u d y .  Germinated sorghum a l s o  r e s u l t e d  i n  s i m i l a r  w e i g h t  
g a i n .  The NPU was a l s o  t h e  h i g h e s t  r e c o r d e d  i n  t h i s  s t u d y  
though i t  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  germina ted  
sorghum o r  u n t r e a t e d  wliole g r a i n .  But  t h e  NPU was s i g n i f i -  
c a n t l y  h i g h e r  t h a n  a l l  t h e  o t h e r  p r o d u c t s  s t u d i e s .  The n i t r o g e n  
a b s o r b e d  and TD was s i g n i f i c a n t l y  lower t h a n  u n t r e a t e d  g r a i n  
b u t  DE and DMD were  s i m i l a r .  
4.10 -- Dehul led  G r a i n - I d l i .  The weigh t  g a i n  of r a t s  on 
d e h u l l e d  g r a i n  i d l i  d i e t  was 3.6 g i n  10 d a y s .  The NPU was 
-
42.7 which was n o t  s i g n i f i c a n t l y  lower t h a n  e i t h e r  t h e  un- 
t r e a t e d  d e h u l l e d  g r a i n  f l o u r  o r  b o i l e d  g r a i n  o r  r o t i .  I t  was 
-
s i g n i f i c a n t l y  h i g h e r  t h a n  b i s c u i t  and d m  p r e p a r e d  w i t h  
d e h u l l e d  g r a i n .  The n i t r o g e n  a b s o r p t i o n  a n d  TD was h i g h e r  i n  
t h e  idli d i e t  p r e p a r e d  w i t h  d e h u l l e d  g r a i n  t h a n  i n  t h e  ix 
d i e t  p r e p a r e d  w i t h  whole g r a i n  though t h e  i n c r e a s e  was not 
s i g n i f i c a n t .  The DE and DMD was comparable t o  thc! u n t r e a t e d  
dehulled grain.  Though the NPU i s  low which i s  because of the 
i n i t i a l  low l eve l  of l y s ine  i n  the dehulled gra in ,  the d ige s t i -  
b i l i t y  values a r e  qu i t e  encouraging. 
,6,5 Correlat ion Between the Various Paranreters Used fo r  the Study 
and the General Findlnqs of the  B i o a s s z  -
Table 28: Correlation matrix 
IVSD 1.0000 
IVPD -0,1490 1 0000 
NPU -0.3238 0.5463 1.0000 
DMD -0,4764 0.1035 0.7467 -0.2401 0.8264 1.OC00 
NSD IVPD NPU TD DE DMD 
5.1 - Net Protein U t i l i s a t i o n ,  Lysine content  of the unproc 
sorghum and sorghum produc'ts were found t o  be s i gn i f i c an t l y  
(P(0.05) cor re la ted  t o  the respec t ive  NPU values ( r  = +0.776) 
( f i gu re  10) .  NPU was found t o  be s i g n i f i c a n t l y  corrs lated 
a l s o  t o  DE and DMD ( r  = t0.678 and +0.748 respec t iv? ly) .  The 
co r r e l a t i on  between NPU and TD was posi t ive b u t  not s i gn i f i c an t .  
NPU and IVPD showed s ign i f i c an t  cor re la t ion  ( r  = t0.546). 
ZX Lysine 
Figure 1 0  Scat ter  diagram o f  18 lysine 
NPU pa i rs .  r : 0.776. 
,512 / True  P r o t e i n  D i g e s t i b i l i t y  (TD). - . , N e g a t i v e  
c o r r e i a t i o n ,  was observed  between TD and DE ( r  = -0.343). A 
s i g n i f i c a n t  c o r r e l a t i o n  was no ted  between IVPD and TD ( r =  t 0 . 4 1 0 ) .  
,5 o 3 - D i g e s t i b l e  Energy (DE) and Dry M a t t e r  D i y e s t i b i l i k  - ( D M D ) .  
DE and DMD were found  t o  be s i g n i f i c a n t l y  c o r r e l a t e d  ( r  = +0,826), 
t h e  IVSD was s i y n i f i c ~ n t l y  and n c g , i t l v ~ l y  correl,~t,cd w ~ t h  b o t h  
DE and DMD ( r  = -0,471 and -0.476 r e s p e c t i v e : y ) .  
-6.6 Rankinu of Sorahum P r o d u c t s  
The f i f t e e n  sorghum p r o d u c t s  s t u d i e d  were ranked i n  
t h e  d e s c e n d i n g  o r d e r .  They were  then d i v i d e d  i n t o  t h r e e  
g r o u p s ,  namely good ,  fair and poor.  The f i r s t  f i v e  con- 
s i d e r e d  good,  t h e  secona  f i v e  was f a i r  and the l a s t  f i v e  
was c o n s i d e r e d  t o  b e  poor .  The r e s u l t  of s u c h  ranking i s  
r e p o r t e d  i n  t h e  f o l l o w i n g  t a b l e .  
T a b l e  29: Ranking o f  sorghum p r o d u c t s  b a s e d  on t h e  
a v a i l a b i l i t y  o f  n u t r i e n t s  
NPUtTDt NSD+ 
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D - M e c h a n i c a l l y  d e h u l l e d  
When NPU and TD r a n k i n g  a r e  c o n s i d e r e d  s e p e r a t e l y  no 
c l e a r  p i c t u r e  is p o s s i b l e ,  But NPU and TD, NPU, TD, DE and DMD 
and NPU, TD, DE, DMD, IVSD and IVPD show a s i m i l a r  t r e n d  i n  t h e  
r a n k i n g .  w, malted  and ge rmina ted  sorghum appea r  t o  have 
good r a n k i n g  i n  most c a s e s .  and b o i l e d  ( d e h u l l e d  g r a i n )  
sorghum rank  w e l l  when t h e  o v e r  a l l  r a n k i n g  i s  cons ide red .  
B o i l e d  whole g r a i n ,  popped and p a r b o i l e d  g r a i n  and 
b i s c u i t s  p r e p a r e d  w i t h  whole and d e h u l l e d  g r a i n  c o n s i s t a n t l y  
a p p e a r  t o  be of poor  q u a l i t y .  The o t h e r  p r o d u c t s  show 
f a i r  r a n k i n g ,  doss and pa rched  g r a i n  come under  t h i s  group.  
Though ai p r e p a r e d  w i t h  whole g r a i n  g o t  a good ranking when 
NPU and NPU t TD were c o n s i d e r e d  b u t  it t u r n e d  o u t  t o  be o f  
f a i r  o r  poor r a n k  i n  most  o t h e r  c a s e ,  which probably 
i n d i c a t e s  th ; t  t h e  o v e r a l l  p r o t e i n  q u a l i t y  was good b u t  t h e  
ene rgy  and d r y  m a t t e r  a v a i l a b i l i t y  was n o t  a s  good. 
Thus, g e r m i n a t i o n  a p p e a r s  t o  be r e a s o n a b l y  good method 
f o r  i n c r e a s i n g  p r o t e i n  q u a l i t y  and it i m p a r t s  good d i g e s t i b i l i t y  
a l s o ,  Wang and F i e l d s  (1978)  s u g g e s t e d  t h a t  germinat ion c o u l d  
be  used t o  p roduce  a more n u t r i t i o u s  i n g r e d i e n t  from which food 
c o u l d  be p r e p a r e d  f o r  t h e  d e v e l o p i n g  c o u n t r i e s .  The use o f  
s p r o u t e d  sorghum a s  a v e g e t a b l e  and s a l a d  o r  d r i e d  and g round  
f l o u r  could  be used  i n  t r a d i t i o n a l  food r e c e i p e s  has been 
s u g g e s t e d  by Wu and Wall ( 1 9 8 0 ) .  Tllrough p r o p e r  technology,  
ge rmina ted  sorghum f l o u r  c o u l d  be i n c o r p o r a t e d  i n  S a M y  p r o d u c t  
thus  improving t h e  q u a l i t y  of  baked p roduc t  (Wal l  and B i e t z  11960) 
R e s u l t s  o b t a i n e d  on b o i l e d  sorghum seem t o  be a  l i t t l e  
c o n t r o v e r s i a l ,  Though NPU of whole b o i l e d  sorghum i s  50.5, i t s  
d i g e s t i b i l i t y  i s  lovd and on b o i l i n g  d e h u l l e d  g r a i n  t h e  d i g e s t i -  
b i l i t y  goes  up c o n s i d e r a b l y  b u t  a t  t h e  c o s t  of NPU which 
d e c r e a s e s ,  MacLean & & (1981) i n  an e x p e r i m e n t  w i t h  c h i l d r e n  
f e d  sorghum g r u e l ,  found t h a t  n i t r o g e n  r e t e n t i o n  and d i g e s t i -  
b i l i t y  of whole b o i l e d  sorghum was ve ry  p o o r  and concluded t h a t  
b o i l e d  sorghum was u n s u i t a b l e  f o r  c h i l d r e n  a s  an energy o r  
p r o t e i n  s o u r c e .  P robab ly  t h i s  i s  where d e h u l l i n g  the g r a i n  
and s u p p l e m e n t a t i o n  of sorghum d i e t  w i t h  o t h e r  food cou ld  
p l a y  a r o l e .  s u i F l e m e n t i n g  c o u l d  h e l p  i n  i n c r e a s i n g  t h e  NPU 
and d e h u l l i n g  t h e  sorghum would i n c r e a s e  t h e  digestibility. 
Pushpamma 1 (1979) have  s hown t h a t  supplement ing sorghum 
w i t h  p u l s e s  gave  encourag ing  r e s u l t s  w i t h  c h i l a r e n .  Supplemen- 
t a t i o n  o f  sorghum w i t h  l e a f y  v e g e t a b l e s  (Ta lwa lka r  and P a t e 1  
1970) o r  o t h e r  c e r e a l  g r a i n s  (Obizoba e t  a1  1979)  can a l s o  
improve t h e  n u t r i t i v e  v a l u e  o f  sorghum p r o t e i n s .  The e f f e c t  
of s u p p l e m e n t a t i o n  on d e h u l l e d  sorghum has  n o t  been r e p o r t e d  
s o  f a r ,  Such a s t u d y  w i l l  be worth t a k i n g  up. 
R o t i  p r e p a r e d  w i t h  whole  sorghum seems t o  be good, a s  
-
i n  t h e  p r e s e n t  s t u d y  it gave  a n  NPU of 50.2 and a h i g h  d i g e s t i -  
b i l i t y  va lue .  On d e h u l l i n g ,  d i g e s t i b i l i t y  f u r t h e r  i n c r e a s e d  
b u t  then  a g a i n  a t  t he  c o o t  o f  NPU, which d e c r e d s e d .  S i n c  
r o t i  i s  r a r e l y  consumed w i t h o u t  some o t h e r  d i s h  to  $0 w i  9 
-
p r o b a b l y  a  s u i t a b l e  ccrnbinat ion could be arrhEd a t .  S i  
highly a c c e p t a b l e  r o t i s  are o b t a i n e d  w i t h  sorghum, s roba  
t h i s  p r o c e s s  c o u l d  b e  a p p l i e d  t o  a n y  c o m p o s i t e  p r o d u c t  b a s e d  
on m i l k ,  sorghum and legume f o r  f o r m u l a t i o n  o f  i n f a n t  f o o d  
( D e s i k a c h a r  1 9 8 3 ) .  
On d e h u l l i n g  an e d i b l e  f r a c t i o n  o f  sorghunl  i s  removed 
as r e g a r d i n g  p r o t e i n  b u t  t h e  d i g e s t i b i l i t y  o f  t h e  g r a i n  i s  
i m p r o v e d .  B u t  d e h u l l i n g  d i d  n o t  a p p e a r  t o  h a v e  u n i f o r m  
i n f l u e n c e  on  d i g e s t i b i l i t y  v a l u e s  of  t h e  sorghum p r o d u c t s  
v&YL~ ,~&  o f  ~or3h0m b u t ,  s i n c e  o n l y  o n e , g r a l n  w a s  u s e d  f o r  t h e  p r e s e n t  s t u d y ,  
n o  d e f i n i t e  c o n c l u s i o n  i s  p o s s i b l e  f r o m  t h e  r e s u l t s .  I n  g r a i n s  
w h e r e  p o l y p h e n o l  c o n t e n t s  a r e  h i g h ,  d e h u l l i n g  w i l l  p l a y  a  more 
i m p o r t a n t  r o l e  on  d i g e s t i b i l i t y .  C h i b b e r  g & (1980)  i n  a  
s t u d y  h a v e  shown t h a t  when h i g h  t a n n i n  s o r g h u m  was s u b j e c t e d  
t o  s e q u e n t i a l  d e h u l l i n g  (0-37g) n i t r o g e n  s o l u ~ i l i s e d  Dy p e p s i n  
i n c r e a s e d  f r o m  22-71%. 
Of t h e  two f e r m e n t e d  p r o d u c t s  dosa qnd  idd, - i d l i  
s e e m s  t o  h a v e  a b e t t e r  n u t r i t i v e  v a l u e  t h a n  w. NPU o f  $& 
was s i g n i f i c a n t l y  h i g h e r  t h a n  do=, t h o u g h  T D ,  DE and DMD of  
b o t h  dosa and & were  s i m i l a r .  The 9 v i t r o  s t a r c h  d i g e s t i -  
b i l i t y  of  dosa was  s i g n i f i c a n t l y  h i g h e r  t h a n  g. T r a d i t i o n a l l y  
b o t h  dosa and  idli a r e  p r e p a r e d  w i t h  a c e r e a l - p u l s e  combi-  
n a t i o n .  The n u t r i t i v e  v ~ l u e  o f  a  s o r g h u m - p u l s e  f e r m m t e d  
p r o d u c t  c o u l d  b e  e x p e c t e d  t o  h a v e  a  S e t t e r  n u t r i t i v e  v a l u e .  
S o r g h u m  dosa has b e e n  found  t o  h a v e  good c o n s u m e r  a c c e p t a n c e  
( R a g h a v e n d r a  Rao & 1 9 7 8 ) .  S t u d i e s  by Eggum $ & (19$3)4 
Au and F i e l d s  (1981), s u g g e s t  t h a t  f e r m e n t a t i o n  could improve 
t h e  n u t r i t i v e  va lue  of a sorghum d i e t .  The process  of fermen- 
t a t i o n  i s  i nexpens ive ,  does  no t  r e q u i r e  s o p h i s t i c a t e d  equip-  
ment and consumes l i t t l e  energy and t h e s e  a r e  important  
p o i n t s  t o  c o n s i d e r  i n  t h e  u t i l i z a t i o n  of sorghum. 
CHAPTER V I  
SUMMARY 
Sorghum i s  t h e  f i f t h  mos t  i m p o r t a n t  c e r e a l  c r o p  i n  
t h e  w o r l d  i n  t e rms  of p r o d u c t i o n  and i s  grown mos t ly  i n  A f r i c a ,  
A s i a  and o t h e r  s emi  a r i d  t r o p i c a l  r e g i o n s .  I t  i s  the  p r i n c i p a l .  
s o u r c e  o f  c a l o r i e s  and p r o v i d e s  a  m a j o r  p o r t i o n  of p r o t e i n  i n  
t h e  d i e t s  o f  t h e  m i l l i o n s  of' p e o p l e  l i v i n g  i n  t h e  SATs. How- 
e v e r  t h e  optimum u t i l i z a t i o n  of t h i s  r i c h  s t o r e  of n u t r i e n t s  
p r e s e n t  i n  sorghum g r a i n ,  i s  c o m p l i c a t e d  by v a r i o u s  f a c t o r s .  
T h i s  s t u d y  was t a k e n  u p  w i t h  t h e  o b j e c t i v e  of s t u d y i n g  
t h e  e f f e c t  o f  p r o c e s s i n g  on t h e  p r o t e i n  and energy a v a i l a b i l i t y  
o f  g r a i n  sorghum, 
Sorghum g r a i n  was s u b j e c t e d  t o  p r i m a r y  p r o c e s s i n g  , 
t h a t  i s ,  d e h u l l i n g  by t r a d i t i o n a l  and m e c h a n i c a l  n s thod .  The 
common t r a d i t i o n a l  d e h u l l i n g  method p r a c t i s e d  i n  Andhra P radesh  
was f o l l o w e d .  ' T h c  PKL f r l i r l i  d c l ~ u l l c r  was used for mecharl ical  
d e h u l l i n g .  
T i l o  rich111.locJ ~ I ~ ~ I ~ I I ! ;  W [ > I * P  ,111,1ly: t1vi  f o r  \ ) I ~ \ ~ I I I , \ ~ L >  and 
amino a c i d  c o m p o s i t i o n ,  i n  v i t r o  d i g e s t i b i l i t y ,  by e n z y m a t i c  
a s s a y  ( p r o t e i n  d i g e s t i b i l i t y  b y  p o r c i n e  p e p s i n  a n d  ca rbo-  
h y d r a t e  d i g e s t i b i l i t y  by a -amylase )  and b i o a v a i l a t i l i t y  
studies by r a t  f e e d i n g  t r i a l s .  S t a t i s t i c a l  a n a l y s i s  wa 
t o  f i n d  t h e  l e a s t  s i g n i f i c a n t  d i f f e r e n c e  a t  5i.! l e v e l  and 
c o r r e l a t i o n  c o e f f i c i e n t s  o f  v a r i o u s  p a r a m e t e r s  were de te rmined  
It  was found t h a t  on d e h u l l i n g  t h e  p r o t e i n ,  f a t ,  a s h  
and f i b r e  l e v e l s  were r e d u c e d  s i g n i f i c a n t l y  and s t a r c h  l e v e l s  
were s i g n i f i c a n t l y  i n c r e a s e d .  Be tween t h e  d e h u l l i n g  methods 
i t  was o b s e r v e d  t h a t  when v a l u e s  were e x p r e s s e d  on a  p e r c e n t  
b a s i s  t h e r e  was n o  s i g n i f i c a n t  d i f f e r e n c e s  i n  p r o k i n ,  f i b r e  
and s t a r c h  v a l u e s ,  and a s h  and f a t  l e v e l s  i n  t r a d i t i o n a l l y  
d e h u l l e d  f l o u r ,  were  s i g n i f i c a n t l y  lower .  Bu t  when v a l u e s  
were  e x p r e s s e d  i n  terms o f  y i e l d  i t  was s e e n  t h a t  machan ica l ly  
d e h u l l e d  f l o u r  had  s i g n i f i c a n t l y  h i g h e r  l e v e l s  of p r o t e i n  and 
s t a r c h ,  Mechan ica l  d e h u l l i n g  was a l s o  more e f f i c i e n t  i n  
removing t h e  f i b r e .  
L y s i n e  was t h e  amino a c i d  most a f f e c t e d  on d e h u l l i n g .  
On t r a d i t i o n a l  d e h u l l i n g  t h e  l o s s  was 21% and a 16,5$ l o s s  
was obse rved  on machan ica l  d e h u l l i n g ,  The o t h e r  amino a c i d s  
were  n o t  a f f e c t d t o  any g r e a t  e x t e n t .  
I n  v i t r o  s t a r c h  d i g e s t i b i l i t y  showed a  s i ~ n i f i c a n t  
-- 
i n c r e a s e  on d e h u l l i n g  and mechan ica l  d e h u l l i n g  had  a s l i g h t l y  
h i g h e r  s t a r c h  d i g c s  t i b i l i t y  t h a n  t r a d i t i o n a l  dehu l l ing  though 
t h i s  i n c r e a s e  was n o t  s i g n i f i c a n t ,  In  v i t r o  p r o t e i n  d i g e s t i -  
b i l i t y  a l s o  showed a s i g n i f i c a n ' l  i n c r e a s e  on dehu l l ing ,  The 
t r a d i t i o n a l l y  d e h u l l e d  f l o u r  had  a h i g h e r  p r o t e i n  c i i g e s t i b i l i t y  
va lue  t h a n  m a c h a n i c a l l y  d e h u l l e d  f l o u r  b u t  a g a i n  t h i s  i n c r e a s e  
was n o t  s i g n i f i c a n t .  
B i o a v a i l a b i l i t y  s t u d i e s  w i t h  whole and d e h u l l e d  g r a i n  
i n d i c a t e d  t h a t ,  whole  g r a i n  d i e t  when f e d  t o  r a t s  r e s u l t e d  
i n  h i g h e r  NPU v a l u e s  and i n c r e a s e d  w e i g h t  g a i n ,  than d e h u l l e d  
g r a i n  d i e t s ,  The t r u e  p r o t e i n  d i g e s t i b i l i t y ,  digeskible 
ene rgy  and d r y  n ~ a t t e r  d i g e s t i b i l i t y  v a l u e s ,  however were 
h i g h e r  i n  t h e  d e h u l l e d  g r a i n  d i e t s ,  There  was n o  s i g n i f i c a n t  
d i f f e r e n c e  i n  NPU o r  d i g e s t i b i l i t y  v a l u e s  between t h e  t r a d i -  
t i o n a l l y  and m e c h a n i c a l l y  d e h u l l e d  g r a i n  d i e t s .  
Eased on t h e s e  f i n d i n g s  f u r t h e r  s t u d y  was c a r r i e d  o u t  
w i t h  v a r i o u s  sorghum p r o d u c t s .  Whole and mechan ica l ly  d e h u l l e d  
sorghum g r a i n  o n l y  were u s e d  i n  t h e  p r e p a r a t i o n  o f  t h e  p r o d u c t s  
a s  m e c h a n i c a l l y  and t r a d i t i o n a l l y  d e h u l l e d  g r a i n  d id  n o t  d i s p l a y  
a n y  marked d i f f e r e n c e s  i n  i n  v i t r o  and in a assays .  Whole 
g r a i n  and d e h u l l e d  g r a i n  p r o d u c t s  used i n  t h e  s tudy  were  a s  
f o l l o w s .  
-- 
G r a i n  p r o d u c t s  F l o u r  p r o d u c t s  
- 
whole  d e h u l l e d  whole  d e h u l l e d  
P a r c h e d  B o i l e d  R o t i  R o t i  
Popped Dos a  Dos a  
P a r b o i l e d  I d 1  i I d 1  i 
Ma1 t e d  B i s c u i t  B i s c u i t  
Germina ted  
B o i l e d  
- - - I - - - -  -- 
A l l  t h e  p r o d u c t s  were  a g a i n  a n a l y z e d  a s  f o r  whole 
and d e h u l l e d  g r a i n  p r e v i o u s l y  ( p r o x i m a t e  a n a l y s i s ,  amino a c i d  
c o m p o s i t i o n ,  & vi. t ; ro a s s a y  and b i o a v a i l a b i l i t y  s t u d i e s ) .  
D i f f e r e n c e s  were o b s e r v e d  i n  t h e  p r o x i m a t e  compos i t ion  
of  t h e  s  orghurn p r o d u c t s ,  P r o t e i n ,  f a t  and  f i b r e  c o n t e n t s  
d e c r e a s e d  i n  a  number of p r o d u c t s ,  G e r m i n a t i o n  r s s u l t e d  i n  
a  s l i g h t  i n c r e a s e  i n  p r o t e i n  c o n t e n t  b u t  i t  was no t  s i g n i f i -  
c a n t ,  S t a r c h  c o n t e n t  o f  t h e  p r o d u c t s  were  low wh?n compared 
t o  u n t r e a t e d  g r a i n ,  f e r m e n t e d  p r o d u c t s  h a d  the  lo ives t  s t a r c h  
c o n t e n t .  S t a r c h  c o n t e n t s  o f  mos t  de l ;u l led  g r a i n  p r o d u c t s  
were s i g n i f i c a n t l y  h i g h e r  t h a n  whole g r a i n  p roduc t s ,  
I n  t h e  sorghum p r o d u c t s ,  a g a i n ,  l y s i n e  was t h e  amino 
a c i d  most  a f f e c t e d ,  A 28% d e c r e a s e  was o b s e r v e d  on p o p p i n g  
qnd 39s i n  b a k i n g  ( b i s c u i t s ) .  I n  t h e  o t h e r  t r e a t m s n t s  t h e  
l o s s  r anged  from 4g-20A. Meth ipon ine  + c y s t i n e  v a l u e s  were  
a f f e c t e d  i n  dosa where a b o u t  11-20,  l o s s  was observed,  and 
i n  b i s c u i t s  t h e  l o s s  was 16%. 
H i g h e s t  NSD was obse rved  f o r  f e r m e n t e d  p roduc t s .  
B o i l e d ,  ma l t ed  and g e r m i n a t e d  sorghum had the  lowes t  IVSD. 
A l l  o t h e r  p r o d u c t s  had d i g e s t i b i l i t y  v a l u e s  between t h e s e  
two ex t remes .  The IVPD d e c r e a s e d  s i g n i f i c a n t l y  i n  most 
sorghum p r o d u c t s ,  e x c e p t  i n  f e r m e n t a t i o n  where IVPD was 
s i m i l a r  t o  u n t r e a t e d  g r a i n .  Mal ted  and ge rmina ted  sorghum 
had IVPD s i g n i f i c a n t l y  h i g h e r  t h a n  a l l  t h e  o t h e r  p roduc t s  
and unprocessed  g r a i n .  IVPD and  TD was found  t o  have a  s i g n i -  
f i c a n t  p o s i t i v e  c o r r e l a t i o n .  
I n  b i o a v a i l a b i l i t y  s t u d i e s  it was n o t i c e d  t h a t  mos t  
whole g r a i n  p r o d u c t s  gave h i g h e r  NPU v a l u e s ,  b u t  d s h u l l e d  
p r o d u c t s  had h i g h e r  d i g e s t i b i l i t y  va lues .  C o r r e l a t i o n  co-  
e f f i c i e n t s  i n d i c a t e d  t h a t  NPU and  TD d i d  n o t  have a n y  s i g n i -  
f i c a n t  c o r r e l a t i o n .  NPU was p o s i t i v e l y  c o r r e l a t e d  w i t h  DE 
and DMD, Weight g a i n  was a l s o  more i n  most  whole p a i n  p r o d u c t s  
e x c e p t  i n  popped and  pa rched  sorghum where w e i g h t  sa in  was 
low. B i s c u i t s  and  p r e p a r e d  from deblul led  g r a i n  f a i l e d  
t o  m a i n t a i n  g rowth  i n  r a t s .  The fooa i n t a k e  of t h s j e  r a t s  
w e r e  a l s o  low when compared t o  t h e  o t h e r  g r o u p s .  The r e a s o n  
f o r ,  low food consumpt ion was n o t  under s tood .  A l l  d 2 h u l l e d  
p roduc t s  had low NPU, though v a l u e s  were n o t  s i g n i f i c a n t l y  
l o w e r  t h a n  t h e  u n t r e a t e d  d e h u l l e d  g r a i n  e x c e p t  i n  c a s e  of  
d o s a  and b i s c u i t  p r e p a r e d  f rom d e h u l l e d  g r a i n  where i t  was 
-
s i g n i f i c a n t l y  lower .  T h i s  was p robab ly  due  t o  t h e  h i g h  
t e m p e r a t u r e  t h a t  was u s e d  w h i l e  p r e p a r i n g  t h e  p r o d u c t s .  
S i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  was o b s e r v e d  between NPU and 
l y s i n e  l e v e l s .  
When t h e  sorghum p r o d u c t s  were r a n k e d  and t h e  o v e r  a l l  
r a n k i n g  was c o n s i d e r e d ,  i t  was n o t i c e d  t h a t  ~ G , p r e p a r e d  from 
I 
whole and  d e h u l l e d  g r a i n ,  m a l t e d  and g e r m i n a t e d  g r a i n ,  and idli 
p r e p a r e d  f rom d e h u l l e d  g r a i n  appea red  t o  have good p r o t e i n  and 
e n e r g y  a v a i l a b i l i t y .  D e h u l l e d  b o i l e d  g r a i n  a l s o  ranked good 
when a l l  t h e  b i o a v a i l a b i l i t y  pa ramete r s  w e r e  c o n s i d e r e d .  
B i s c u i t ,  m, popped, p a r  b o i l e d  and p a r c h e d  g ra in  e i t h e r  
showed f a i r  o r  p o o r  p r o t e i n  and energy a v a i l a b i l i t y .  The d a t a  
o b t a i n e d  from t h e  p r e s e n t  s t u d y  i n d i c a t e s  t h a t  more work i s  
r e q u i r e d  a l o n g  t h e s e  l i n e s  t o  e n a b l e  t h e  i d e n t i f i c a t i o n  of 
b e t t e r  p r o c e s s i n g  methods.  Foods p r e p a r e d  wi th  malted and  
g e r m i n a t e d  sorghum can b e  e x p e c t e d  t o  h a v e  a  b e t t a r  n u t r i e n t  
a v a i l a b i l i t y ,  T h e r e  a r c  o n l y  a few s t u d i e s  conducted on 
human s u b j e c t s  i n  t h i s  f i e l d  and ths r e s u l t s  0btaint .d t h e r e o f  
are i n t e r e s t i n g  a s  w e l l  a s  c h a l l e n g i n g ,  More s t u d i e s  conduc ted  
on humans u s i n g  t r a d i t i o n a l  and nova1 p r o c e s s i n g  methods w i l l  
be u s e f u l .  A l s o  t h e  i d e n t i f i c a t i o r .  o f  s u i t a b l e  sorghum-pulse 
c o m b i n a t i o n  w i t h  b e t t e r  p r o c e s s i n g  method i s  most d e s i r a b l e  
a t  the  p r e s e n t  t i m e s .  
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APPENDIX - I 
P.R,L. ' M I N I '  DEHULLER 
The P,R.L, $MINI1 DEHULLER was developed t o  f i l l  t he  
need f o x  a small ba tch- type  machine i n  r u r a l  communities. 
It was unders tood  t h a t  peop l e  i n  t h e s e  communities p r e f e r r e d  
t o  have t h e i r  own g r a i n  p roces sed ,  t h e r e b y  r e t a i n i n g  t h e i r  
own d e h u l l e d  g r a i n  and t h e  b r an  f r a c t i o n ,  i f  de s i r ed .  S ince  
i t s  development ,  r e s e a r c h  c e n t r e s  have found a  need f o r  a  
s imple  d e h u l l e r  of t h i s  s i z e  t o  h e l p  s t i m u l a t e  the  product ion  
and u se  of l o c a l l y  grown c e r e a l s .  Commercial m i l l i n g  e s t a -  
b l i shmen t s  a l s o  a r e  showing i n t e r e s t  i n  u s i n g  t h i s  s i z e  of 
machine t o  p r o v i d e  l o c a l  consumer s e r v i c e  (F igure  11). 
The P.R.L. 'Mini t  d e h u l l e r  uses  t h e  same b a s i c  
p r i n c i p l e  as  l a r g e ,  ab ra s ive - type  commercial machines i n ' m i l l -  
i n g  e s t a b l i s h m e n t s ,  Tha t  i s ,  a  s e r i e s  of  a b r a s i v e  s t o n e s  
a r e  f i x e d  on a  s h a f t ,  mounted i n  a c a s e ,  r o t a t e d  i n  a bed 
of g r a i n ,  
I nexpens ive  r e s i n o i d  s t e e l  cu t -of f  d i s k s  o r  c a rbo -  
rundurn s t o n e s  p rov ide  the a b r a s i v e  c f r o c t .  The d ~ c k s  a r e  
made of aluminium oxide  a b r a s i v e ,  bonded by p l a s t i c  i n t o  
e v e r y  t h i n ,  l i g h t ,  s t r o n g  s e c t i o n s ,  t h a t  can be  r o t a t e d  
s a f e l y  a t  speeds  of 6400 r.p.rn. E i g h t  d i s k s  ars mounted 
between s p a c e r s  on a s h a f t ,  w i t h  the  end d i s k s  c ~ n t e d  8'. 
a - t h e  c o v e r  p l a t e  
b - t h e  d i s k s  o r  s t o n e s  t h a t  r c  
c - t h e  e m p t y i n g  c h u t e  
F i g u r e  11: T h e  PRL m i n i  d e h u l l  
The can ted  d i s k s  provide  c o n t i n u a l  mixing and a d d i t i o n a l  
a b r a s i v e  c o n t a c t  a r e a  f o r  d e h u l l i n g .  When carborundum s t o n e s  
a r e  r e q u i r e d  t h e  can t ed  d i s k s  a r e  r e t a i n e d .  However, t h e  6 
d i s k s  i n  t h e  middle a r e  r e p l a c e d  by only  4 of t he  s t o n e s .  
This assembly i s  mounted i n  a  c a s e  w i t h  a  hinged t o p ,  where 
t h e  g r a i n  t o  be  d e h u l l e d  i s  p l aced .  Dehu l l i ng  i s  performed 
by r o t a t i n g  t h e  s h a f t  assembly a t  a  s e l e c t e d  speed f o r  a 
d e s i r e d  time. To remove t h e  c o n t e n t s  t h e  c a s e  i s  r o t a t e d  t o  
t h e  dumping p o s i t i o n  and t h e  hinged t o p  i s  unla tched .  The 
mix ture  of d e h u l l e d  g r a i n  and bran f lows  o u t  by way of  a chute 
i n t o  a  c o l l e c t i o n  bucke t .  
The d e h u l l e r  o p e r a t e s  on a  maximum load  of 7 kgs.  
and i s  u s e f u l  i n  l a b o r a t o r y  s i t u a t i o n s  o r  i n  a v i l l a g e  s e t t i n g  
where it  can pe r fo rm s e r v i c e  f u n c t i o n s .  
D e t a i l s  c o n c e r n i n g  t h e  p r e p a r a t i o n  o f  sorghum produc t s ,  
Pa rch inq :  Whole sorghum g r a i n  was r o a s t e d  i n  a  h o t  i r o n  
v e s s e l  ( 1 1 0 ~ ~ )  f o r  2.5 minu tes ,  ( o r  till t h e  
d e s i r e d  aroma deve loped)  w i t h  c o n s t a n t  s t i r r i n g ,  
Popping: 
- Sorghum was popped by b r i s k l y  a g i t a t i n g  t h e  
g r a i n s  i n  a  p r e h e a t e d  v e s s e l  ( 2 1 5 ' ~ )  f o r  2.5 
minu tes .  
P a r b o i l i n g :  Whole sorghum w i n  was soaked i n  w a t e r  f o r  
24 h o u r s .  The w a t e r  was d r a i n e d  o f f  andthe g r a i n  
was s t eamed  f o r  1$ h o u r s .  The g r a i n  was s u n d r i e d ,  
powdered and s t o r e d ,  
Ma1 t i n g :  Sorghum g a i n s  were soaked  i n  w a t e r  f o r  24 h o u r s  
Then t h e y  were  s p r e a d  o u t  on damp j u t e  bag  and  
kept  c o v e r e d  f o r  48 h o u r s  ( t i l l  t h e  s p r o u t  l e n g t h  
was a p p r o x i m a t e l y  2.5 cm). The v e g e t a t i v e  p o r t i o n s  
were removed,  The g r a i n s  were t o a s t e d  t i l l  t h e  
d e s i r e d  aroma deve loped ,  
Germina t ing :  Sorghum g r a i n s  were soaked i n  w a t e r  f o r  24 h o u r s  
and g e r m i n a t e d  a s  f o r  m a l t i n g ,  The germinated 
g r a i n  was t h e n  s u n d r i e d  powdered and s i s r e d .  
Rec ipes :  R o t i ,  dosa,  i d l i ,  b i s c u i t  and b o i l e d  sorghum 
was p r e p a r e d  w i t h  whole and d e h u l l e d  g r a i n  and 
f l o u r  a c c o r d i n g  t o  t he  r e c i p e s  pub l i shed  i n  ' A  
v a r i e t y  of  sorghum r e c i p e s 1 ,  Co l l eges  of Home 
S c i e n c e ,  Department  of Foods and N u t r i t i o n ,  
Andhra P radesh  A g r i c u l t u r a l  U n i v e r s i t y ,  
Hyderabad,  w i t h  s l i g h t  v a r i a t i o n  a s  a l l  sorghum 
food p r o d u c t s  were p r e ~ r e d  w i t h  sorqhum g r a i n  
a l o n e  .no  o t h e r  c e r e a l  o r  p u l s e  was used i n  combi- 
nat ion. .  The amount of  f a t '  used  i n  baking 
b i s c u i t s  was a d j u s t e d  t o  e n a b l e  p r e p a r a t i o n  of 
i s o c a l o r i e  d i e t s  f o r  t h e  e x p e r i m e n t a l  an ima l s .  
APPENDIX I11 
E s t i m a t i o n  of T o t a l  S t a r c h  
Reagen t s  : 
2  M A c e t a t e  b u f f e r  pH 4.8. 
Glucoamylase  .enzyme (Sigma)  
5% Pheno l  
96% S u l p h u r i c  a c i d  
Dex t r a g l u c o s e  
P rocedure :  
- 
75 mg f l o u r  was we t  tcd w i  LR 10 1111 d i s  l i l l e d  wdler  and 
2 a u t o c l a v e d  f o r  11/2 h o u r s  a t  1 9  lb p r e s s u r e  ( 1 . 5  kg/cm ) .  A f t e r  
c o o l i n g  1 m l  of 2M a c e t a t e  b u f f e r  pH 4.8 and 25  mg of g luco-  
amylase  was added ' a n d  volume made up  t o  25 m l .  The r e a c t i o n  
m i x t u r e  was i n c u b a t e d  i n  a  w a t e r  b a t h  a t  5 5 ' ~  f o r  2 hours  t h e n  
coo led  and volume was made up t o  2 5 0  ml. A f t e r  a p p r o p r i a t e  
d i l u t i o n  1 m l  of a l i q u o t  was t r e a t e d  w i t h  1 m l  5% phenol and 
5 m l  96% s u l p h u r i c  a c i d .  The m i x t u r e  was k e p t  i n  a  wa te r  b a t h  
f o r  1/2 h o u r  f o r  c o l o u r  deve lopment  and the r e s u l t a n t  c o l o u r  
was r e a d  a t  490 nm. An a p p r o p r i a t e  s t a n d a r d  was run s imul-  
t a n e o u s l y  w i t h  d e x t r a g l u c o s e  and a  c a l i b r a t i o n  c u r v e  was used 
t o  c o n v e r t  o p t i c a l  d e n s i t y  t o  mgs o f  g l u c o s e .  A f t e r  c o r r e c t i n g  
w i t h  d i l u t i o n  f a c t o r  t h e  p e r c e n t  g l u c o s e  was m u l t i p l i e d  w i t h  
0,9 t o  g ive  s t a r c h  p e r c e n t .  
I n  v i t r o  D i g e s t i b i l i t y  of P r o t e i n  
-L- 
- - 
(Ref.  A x t e l l  e t  a 1  1981) 
Reagents:  
0.1 M Phosphate  b u f f e r  pH 2.0  
P o r c i n e  p e p s i n  (Sigma) 
Procedure:  
200 my of  sample  was suspended i n  100 rnl s o l u t i o n  of 
peps in  (0.5 mg/ml) i n  0 . 1  M phosphate  b u f f e r  pH 2.0 and the  
mix tu re  was i n c u b a t e d  a t  3 7 ' ~  f o r  2  h o u r s .  Appropria te  blank 
c o n t a i n i n g  p e p s i n  o n l y  was r u n  s i m u l t a n e o u s l y .  A f t e r  2 hours 
of i n c u b a t i o n  t h e  s u s p e n s i o n  was c e n t r i f u g e d  a n d  the  super-  
n a t a n t  was ana lyzed  f o r  s o l u b i l i z e d  n i t r o g e n .  The d i g e s t i -  
b i l i t y  v a l u e  was c a l c u l a t e d  by d i v i d i n g  t h e  s u p e r n a t a n t  
n i t r o g e n  by t o t a l  n i t r o g e n  i n  t h e  200 mg sample and mul t ip ly ing  
by  100. 
I n  v i t r o  D i g e s t i b i l i t y  of S t a r c h  
(Ref .  Kon e t  a i  1971) 
Reagents  
S o l u b l e  s t a r c h  
0.1 M Sodium phospha te  b u f f e r  pH 7.0.  
0.05 M Sodium phospha te  b u f f e r  pH 7.0. 
a-Amylase ( p o r c i n e  p a n c r e a t i c  - Sigma) 
D i n i t r o s a l i c y l i c  a c i d  r e a g e n t  (DNSA) . 
M a l t o s e .  
P rocedure :  
2 r n l  of t h e  sanlple s l u r r y  c o n t a i n i n g  approximately  1% 
s t a r c h  was taken t o  t h i s  3 rnl of  wa te r  and 5 ml of 0.1 M sodium 
phosphate  b u f f e r  pH 7 . 0  were added.  A f t e r  i n c u b a t i o n  a t  3 7 ' ~  
f o r  1 5  minu tes  i n  a  w a t e r  b a t h ,  5 r n l  o f  p o r c i n e  p a n c r e a t i c  
a-amylase p repared  a s  1 rng/ml i n  0.05 M sodium phosphate b u f f e r  
pH 7 . 0  was added and i n c u b a t e d  f o r  2 hours .  S tandard  was 
p r e p a r e d  w i t h  1% s o l u t i o n  of s o l u b l e  s t a r c h .  
A t  t h e  end of 2 h o u r s ,  1 m l  of t h e  r e a c t i o n  m i x t u r e  
was added t o  2 rnl o f  DNSA and h e a t e d  i n  a b o i l i n g  water b a t h  
f o r  5 m i n u t e s .  A f t e r  c o o l i n g  t h e  r e a c t i o n  m i x t u r e  was d i l u t e d  
wi th  20 m l  water  and t h e  c o l o u r  developed measured 2: 5 4 0  rim. 
A c a l i b r a t i o n  curve  u s i n g  r n a l ~ o s e  was used t s  c o n v e r t  
opt ica l  density readings t o  nlgs of' rndltosc. 
I, Sa rban i  Roy, was b o r n  on 24 th  June 1952 t o  Aparna 
and Bi jon  Krishna Roy i n  Dhenkanal, O r i s s a ,  Xndia, I obta ined  
my B,Sc, degree i n  Home S c i e n c e  (Honours) from Ca lcu t t a  
Un ive r s i t y  i n  1973 and was awarded M.Sc. dgree i n  Home Sc ience  
(foods and N u t r i t i o n )  a l s o  from C a l c u t t a  Un ive r s i t y  i n  1976. 
I served  a s  a l e c t u r e r  i n  Home Sc i ence  i n  S a i l a b a l a  Women's 
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